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I INTRODUCT ION 
The ever i ncrea s i ng  and chang i ng dema nd on  ou r nat i on's water 
resou rces d i sc l oses a need for i mproved methods of resou rce 
eval uat i on and management .  Large mas ses o f  cu rrent , accurate 
i nformation  i s  requ i red by water resou rces managers i n  order to 
properl y manage th i s  va l uab l e resou rce (1). A great deal of  exi s t i ng 
i nfonnat i on i s  u n t i mel y and i nadequate ,  and much  of what i s  needed i s  
not ava i l ab l e .  Remote sen s i ng i s  capabl e o f  prov i d i ng a porti on of 
the requ i red i nforma t i on , but , to date , has not been u sed to i ts 
fu l l est  capab i l i t i es ( 2 ) . 
Background 
Remote sen s i ng i s  con s i dered to be any observat i on or meas urement 
of an object made w i thout actua l l y  touch i ng the obj ec t  under s tudy . 
I t  i s  genera l l y accomp l i s hed from a i rborne or space p l atforms 
emp l oyi ng  a vari ety of i ns truments  wh i c h  span the el ectromagneti c 
spectrum 'til· 
I t  mi ght be s a i d  that  remote sens i ng began in 1783 when the 
Montgo l f ier brothers made the fi rst  pub l i c  demon strati on  of hot a i r  
ba l l oon fl i gh t  Subsequent manned fl ights conv i nced s c i en t i sts  
of the day that the ba l l oons wou l d be i dea l for carryi ng  i ns truments 
to study the atmosphere . The fi rs t ascent of ins trumen ts occurred on 
November 30, 1784 when an Amer i can and a Frenchma n carried al oft a 
dozen as sorted s c i ent i f i c  i n s truments . 
The advent of  the photo graph i c camera broug h t  remote sen s i n� 
to the mi l i tary when , d ur i ng the C i vil War , enemy l i nes were photographed 
from ba l l oons and , beginning in Worl d War I I , from a i rcraft . These 
initia l aerial photographic techniques  using panchromatic (bl ac k and 
white ) fil m were soon conduc ted in a sys tema tic manner by photo­
gra1T111etri sts  to ma ke p l animetr i c  and eventua l l y topograph i c  maps ( 3 ) . 
More recent deve l opments in fil m and instrument techno l ogy have 
wi dened the range of remote sensing's el ectromagnetic s pectrum . 
F i gu re 1 (5 ) s hows the e l ectromagnetic spectrum and those  porti on s  
usua l l y  associated wi th remote sens i ng stud i es i n  hydro l ogy . 
The most  fami l i ar i nstrument u sed i n  recording th i s  energy i s  
the camera . Three types o f  fi l m  are norma l l y  u sed : panc h romat ic , 
col or , and co l or i nfrared ( 6 ) . Panchromati c fil m ha s one emu l sion 
l ayer wh i c h  absorbs radiated energy over the visibl e spectrum . Co l or 
fil m has th ree emu l s i on l ayers wh i ch are sensiti ve to b l u e , green , 
and red radiation . Co l or infrared fi l m  has three emu l s i on l ayers 
and is sensitive to green , red , and near i nfrared rad i ation . Fi l ters 
are corrmon l y  u sed to record specific band s , or to f i l ter out 
undes i rabl e wavel engths ( 6 ) . 
Recent Deve l opments  in  Data Col l ection 
Recent  deve l opments  for synopt i c  resou rce ma nagement p l atforms 
began in 1 960 with the l aunch  of T I ROS I ,  a weather satel l ite , and 
has progres sed to the u nmanned Earth Resources Techno l ogy Sate l l ite 
( ERTS ) ,  and the man ned Skyl ab program . 
On J u l y  23 , 1 97 2 , ERTS- 1 ,  a one -ton unmanned exper i menta l  
sate l l i te wa s p l aced in  a 570  m i l e  near pol ar orbit around the 
earth (7). The satel l i te has the capabi l i ty to provid e  repeti t i ve 
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Fig�re 1.  (a ) The el ectromagnetic spectrum; and { b )  a portion of the el ectromagnetic 
spectrum commonl y as sociated with remote sens i ng measurements i n  hydrol ogy ( 5 ) . w 
1 1 photographic 11 coverage of  a l most any g i ven area i n  the wor l d  every 
18 days . The craft orb i ts the earth every 103 m i nute s , cont i nuou s l y  
v i ewi ng  the earth through  14 da i l y  orb i ts u s i ng two i ma g i ng systems . 
Both sys tems , a return beam v i decon ( RBV ) and a mu l t i - s pectra l 
scanner ( MSS ) , prov i de i mages of  an area approx i mate l y  11 5 s tatu te 
mi l es square . The RBV i s  a form of te l ev i s i on . When the s hu tters 
are tri ggered ( s i mu l taneous l y ) , i mages are s tored i n s i de each of  the 
v i decon tubes and then scanned to prov ide  a v i d eo o utput ( 8 ) .  On 
the 149th orb i t ,  approx i mate ly ten days after l aunch , a ma l fu nct i on 
requ i red the  RBV sys tem to be made i noperati ve (7 ) . The MSS forms 
images by brea k i ng a scene i n to mi nu te segments  wh i ch a re obta i ned 
v i a  a mov i ng scann i ng mi rror i n  the opt ica l  system . The f i nal  data 
product from e i ther system i s  a b l ack and wh i te rend i t i on of  every 
scene i n  each of  the seven ERTS bands , 1 -3 i n  the RBV and 4 -7 i n  
the MSS . The MSS aboard ERTS-1 records e l ectroni c data i n  the 
fo l l owi ng  s pect ra l  reg i on s , where µm = 10-6m :  . 5  - . 6µm , . 6  - . 7µm , 
. 7  - . 8µm , and . 8  - 1 . lµm , MSS band 4 ,  5 ,  6 ,  and 7 ,  res pect i vel y . 
The e l ectron i c  data from each . band i s  then converted to s tandard 
products s uc h  a s  a n i ne i nch  or  a 7 0rrm bl ack and wh i te negat i v e  or 
pos i t i ve t ransparency ( 8 ) . 
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The manned exper imental  Skyl ab program conta i ned an  Ea rth Resources 
Exper iment  Pac kage w i th wh i c h  the earth's resou rces were observed . 
The i ncrea s ed reso l u t i on and s pectra l  bands prov i ded by S ky l ab  w i th i n  
the v i s i b l e  and near i nfrared range wi l l  he l p  to b r i d ge th e s tep 
between coverage obta i ned from h i gh a l ti tude a i rcraft and from 
orbi ti ng  s pace p l atforms ( 9 ) .  
Recent Devel opments  in  Data Analys i s  
Remote sens i ng data ana l ys i s  i s  not restri cted to v i sua l  
i nterpretat ion or other opt i ca l  i nterpreti ve techn i ques . The ab i l i ty 
to comb i ne t he photograph i c  p i c tu re wi th the man i pu l at i ng  advantages 
of a d i g i ta l  computer has been the key to progres s i n  da ta process i ng 
of data ( 10 ) . The d i g i ta l  computer ' s  man i pu l at ion of data i s  ba sed 
upon the fact that p i ctures  can be  adequatel y descri bed by an array 
of numbers . A s tandard · i mage may be cons i dered a s  cons i sti ng of 
numerou s sma l l u n i t areas of con s tant bri ghtness ,  or  p i xe l s ( p i c tu re 
el ements ) (10 ) . Effecti ve u se of d i g i t i zed imagery i s  reported i n  
water qua l i ty and l and u s e  s tud i es wi th d i g i t i za t i on genera l l y  
fac i l i tat i ng  ma themati cal and s tati st i ca l  tests  between i magery 
characteri s t i c s  and  ground truth data ( 1 1 , 12 ) .  
Object i ves  
Wh i l e  t he  u se  of p hotography i s  not new to  water resources  
i nvest i gat i ons , rap i d  technol og i ca l  advances due  pr i ma r i l y  to  space 
and mi l i tary resea rc h  have produced new i ns trumentat i on  for u s e  
aboard a i rcraft and s pa ce veh i c l es .  A t  present ,  tec h no l og i ca l  
advances i n  remote sen s i ng are not  be i ng fu l l y  ut i l i zed by water 
resou rces research managers . I t  i s  suggested that th i s  "gap " 
ex i sts becau se the peop l e connec ted wi th water resourc�s and water 
resources researc h  programs have ma i nta i ned a n  a i r  of u n certa i n ty 
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as to the appl ica b i l i ty and effecti ve ut i l i zati on of  remote s en s i ng 
data i n  the water resou rces fi e l d ( 2 ) . 
I t  i s  the genera l objecti ve of th i s  p roject to demonstrate the 
appl i cab i l i ty of remote s ens i ng techn i ques  to wa ter resources 
management of the James R i ver Bas i n  in  South Da kota . Speci f i c  
object i ves are: 
1 .  To i nvest i gate the appl i cab i l i ty and capab i l i t i es of 
Earth Resou rces Technol ogy Satel l i te , Skyl ab , and 
a i rcra ft remote l y  sensed data as they mi ght be appl i ed 
to water resources management i n  the James R i ver  Bas i n ,  
and 
2 .  To i dent i fy operati onal techn i ques and equ i pment 
requ i red to cost effect i ve l y  extract water resou rces  
mana gement i nforma t i on from remote l y  sensed data . 
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I I  L ITERATURE REV I EW 
Land U se 
Wi s l er and Brate r  ( 13-38 ) exemp l i fy the hydrol og i c  i mportance  
of  l and u se  i nforma t i on i n  the  fol l owi ng  quotat i on :  
"Of a 1 1  the many phys i ograph i c factors that a ffect the 
runoff o f  a ny a rea , one of  the mos t  important  i s  l and 
use , or l a nd management . "  
Fu rther , Wi s l er  and Brater state that  gra s s  cover tends  to promote 
i nfi l tra t i on and that there may be more var i at i on i n  i nf i l tra t i on 
capaci ty resu l t i ng from whether or not a part icu l ar so i l i s  u nder 
cu l t ivat ion  than  wou l d be found i n  d i fferent so i l s  hav i ng the same 
surface cond i t i o n s . Open crops such as corn a re reported to pro v i de 
l i ttl e protect i on from ra i n  compact i on and o n l y  a part i a l  cover  of  
organ ic  ma tter wi th  the  res u l t that i nfi l tra t i o n  capac i ti es  ca n be  
qu i te l ow in  such a reas  ( 13-106 ) .  
I n  research conducted from 197 0  through  1 973  at seven s i tes i n  
Broo k i ngs Cou nty ,  South  Da kota , Ha rms ( 14 ) , reported vary i ng effects 
of l and u s e  on the q ua l i ty and  quanti ty of runoff from ra i nfa l l a nd 
snowmel t .  Ra i nfa l l runoff from Sou th Da kota  agr i cu l tu ra l l and  i s  
not a frequent occurrence ,  happen i ng  an e st ima ted fi ve t i me s  a year 
at one of  the cu l t i vated tes t  s i tes . Uncu l t i vated l and p rodu ces  
even fewer ( l es s  than  one ) ra i nfa l l ru noff events per  yea r .  Where 
ra i nfal l  runoff doe s occu r , however , the qua l i ty i s  bette r  i f  i t  i s  
from permanent gra s s l ands . Most  gra s s l and runoff occurs from s now­
mel t  . . . The effect -Of l and-.u s e  on _s nowmelt runo_ff i s  d emonstr..ated_ .hy. 
referri ng to F i gure 2 .  For the two test  s i tes , one cu l t i vated a nd 
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the other gra s s l and , the tota l fl ow from the pl owed a rea was about  
hal f that of the  g ra s s l and . However , the tota l s u spended so l i d s carr i ed 
wi th the ru noff was 1 7  t i me s  that from the grassed area and c hemi ca l 
oxygen demand was 1 . 5  t ime s  that from the gras sed l and . A l so ,  
uncu l t i vated a reas  s howed l es s  vari ati on for both ra i n  and s nowmel t 
runoff parameter concentrat i on s  than d i d  cul t i vated areas . 
Land u se i nformati on , i . e .  d i fferentiati on between gras s l and and 
cu l t i vated areas , wou l d  be of val ue to a watershed management program 
when used i n  conju nc t i on w i th d ra i nage network ana l yses , prec i p i tat i on 
data ( i nc l ud i ng snowfa l l and s nowme l t  i nformati on ) ,  so i l  s u rveys , and 
other perti nent hydro l og i c  data . 
Hi stor i ca l l y , l and u se data has been obta i ned through censu s  
interv i ews , f i e l d mapp i ng , ma i l  questi onna i res , stud i es of  samp l e 
areas , or some comb i na t i on of thes e  methods . Genera l l y  these  forms 
of data col l ec ti on a re t i me consumi ng and of dub i ou s  va l ue where 
timel i ness  i s  of i mportance . Ai r photos are be i ng u sed to prepare 
maps wh i ch are des i gned to s how major l and u se d i str i buti on and 
spec i fi c  agr i cu l t u ra l  c rops .  Photos  prov ide  a source  of data for 
acreage of crop l ands and g rass l ands , a l ong wi th var i o u s  other forms 
of l and u se . Sate l l i te coverage wi l l  reduce data hand l i ng prob l ems 
and prov ide a synopt i c  v i ew w ith reso l ut i on character i sti cs amp l e 
for many operat i ona l purposes  ( 1 ) .  
Appl i cat i on of  remote sens i ng for l and use  mapp i ng i s  reported 
by the Ca l i forn i a  Department of Water Resources wh i ch i s  one of the 
heav iest  u sers of remote sens i ng data i n  that s tate . The Depa rtment 
concentrates i ts efforts  on those types of l and u se that u ti l i ze 
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or affect water and , t herefore , have re l evance  to i ts management . Use  
of h i gh al t i tude a i rc ra ft imagery al l ows for the  detec t i on of acreage 
changes , de l i neat i on of i rr i gated areas and the eval u a t i on of the rate 
of expans ion  of i rr i gat i on ( 1 5 ) . 
Eva l u at i on o f  RB-57 h i gh al t i tude a i rcra ft i magery i n  Cal i forn i a  
( 16 )  i nd i cates the data to b e  val uabl e i n  eva l uati ng the effect o f  
i ntroduc i ng water i nto a n  ar id  region . One o f  the mos t  s i gn i f i cant  
concl u s i on s  o f  the  s tudy was that �th the poten t i a l  capab i l i t i e s  of 
sate l l i te data , i t  mi gh t be pos s i bl e  to refi ne a s sump t i ons concern i ng 
the nature and character i s t i c s  of reg i onal l and u s e  pattern c hanges . 
As non-product i ve l and i s  i rri gated and brought i nto produc t i on and 
other l and i s  removed from producti on , the a bi l i ty to  mon i tor these  
areas and rates  o f  c hanges becomes qu i te important . By per i od i ca l l y 
updat i ng a bas e  l and u se map and annotat i ng areas o f  change and no 
change , a deta i l ed a s se s sment of the processes  affec t i ng and p roduc i ng 
the change m i ght  be  made ( 1 6 ) . 
To eval uat e  the abi l i ty of accu rate l and u se i nterpre tati on from 
satel l i te data , a s tudy was conducted i n  a 2 . 5  mi l l i on acre watershed 
i n  Cal i forn i a  ( 1 7 ) . A ground compari son data bas e  map was prepared 
from fal se -co l or  RB - 57 i nfrared transparenc i es .  The map cla s s i f i ed 
wi l d l and vegetat i on un i ts by percent compos i t i on i nc l ud i ng: coni fer 
forest , hardwood fore s t , gras s l and , c haparra l , sagebru s h , and scrub.  
Exposed roc k and s o i l and s tand i ng water were a l so de l i neated . Co l or 
.compos i te ERTS data wa s i nterpreted and the resu l ts compared wi th the 
base map . Overal l a greement wa s i n  exces s  of 80 percent . Convent i onal 
I I 
resource type mapp i ng wa s compared to the ground compara t i ve base map 
and overa l l ag reement was 70 percent. The res u l ts demonstrated that 
· tra i ned i nterpreters who a re fami l i ar  w i th the area were ab l e  to 
identi fy and map from ERTS imagery a s i gn i fi cant number of wi l d l and 
resource types at acc u rac i es equal to or exceed i ng convent i onal  
reg i onal resourc e. mapp i ng s tandard s ( 1 7 ) . 
Fl ood I nu ndati on De l i neat i on 
1 1  
I n  1 966 , $6 . 5  b i l l i on were spent o n  fl ood contro l measures  wi th i n  
the Uni ted State s . However , annual damages due  to fl ood waters 
conti nues on an  u pward trend wh i c h  began around 1900 and i s  pred i cted 
to cont i nue  through  the year 2000 (18 ) . The upward t rend i s  b l amed , 
i n  part , on ma n ' s  cont i nued deve l opment of fl ood p l a i ns . Becau s e  of 
the va l ue of property damage duri ng fl ood i ng and the resu l tant rel i ef 
programs , i t  i s  i mperat i ve that accurate , near rea l -t ime d amage 
i nventor i es be performed . Low al ti tude a i rcraft photographs  can be 
used to s u rvey the extent of fl ood i ng at crest  or soon thereafter (18 ) . 
A compara t i ve s tudy ( 19 ) conducted by the I owa Geol o g i ca l  Survey , 
Remote Sens i ng Labo ratory and the U . S .  Geol ogi cal  Su rvey , Water  
Resources D i v i s i on, on fl ood i ng d ur i ng three seasons  s uggests  that 
col or i nfrared fi l m  prov i des opt imum fl ood i nundati on data for 
fl oodpl a i n  management  p l a nn i ng i n  I owa . The f i l m ,  fi l tered wi th a 
No. 1 2  Wratten fi l ter to e l i mi nate haze , was determ i ned bes t  for 
fl ood mapp i ng becau se  water absorbs the wavel engths to wh i c h the 
i nfrared fi l m  i s  sens i t i ve ( 7 00-llOOnm ) . Add i t i onal l y , wet so i l s  
and stre s sed p l ants  redu ce i nfrared refl ectance . The s tudy reported 
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that b l ack  and wh i te i nfrared mi ght  produce a u seab l e  p roduct bu t col or 
i n frared i s  preferred . Imagery s hou l d be acq u i red as  soon as pos s i bl e  
bu t s tud i es i nd i cate adequ ate mapp i ng cond i ti ons  ex i st after fl ood 
crest  up to s e ven days i n  l ate surrmer and u p  to fi ve days i n  spr i ng 
wi th wi n ter map p i n g  pos s i b l e  w i th i n  these  l imi ts . I nterpreta t i on of 
ERTS data produced s im i l ar concl u s i on s , i nd i ca t i ng a val ue i n  u s i ng 
the s ate l l i te data i n  sma l l sca l e  reg iona l fl ood i nu nda t i on mapp i ng ( 1 9 ) .  
Many t i me s , poor  weather l i mi ts  the effecti vene s s  o f  a i rcraft 
mi s s i ons and fi nanci a l  probl ems concerni ng contractua l deta i l s  may 
comp l icate pr i me fl i ght  schedu l i ng . A i rcraft data co l l ect i on tends 
to be expens i ve and u s ua l l y  i s  not extens i ve enoug h  to prov i de the  
des i red synopt i c coverage . Conventi onal ground observat i on s  a re 
i nfrequent and genera l l y  a re t i me consumi ng (18 ) . There ex i sts , then , 
.a need for an  accu rate bu t i nexpens i ve sou rce of  data for fl ood 
i nundat i on mapp i ng .  The synopti c coverage prov i d ed by ERTS-1  i magery 
al l ows for rap i d  reg i ona l appra i s a l  of fl ood i ng and can p rov i de a 
fi rs t  app rox i mat i on of  i nu ndat i on .  
Duri ng September 10- 12 , · 1 972 , up  to 2 1  i nche s  of  ra i n  fe l l  i n  
some areas  of wes tern I owa (18 ) .  Area so i l s  were a l ready near f i e l d 
capaci ty and the s torm , wh i ch was two and one-ha l f t ime s  the 100-year 
storm , resu l ted i n  runoff and a fl ood in  exces s  of the 1 00-yea r  fl ood 
on the u ps tream reaches  of  the East  and West  N i s h nabotna R i vers . U s i ng 
ERTS MSS7 transparenci es  enl arged to a sca l e  of 1 : 250 , 000 , the fl ooded 
areas were measured to be 100 km2 for the Wes t  N i s hnabo tna and 2 1 1  km2 
for the Eas t  N i s hna botna. Area l determi nat i on error for areas of  100km2 
or greater were e s t i mated at  l e ss  than fi ve percen t  i rres pec t i ve of 
i nterpreta t i on error made i n  i dent i fy i ng  fl ooded area s . Loca l p i xel  
d i sp l acement erro r  i s  30m ,  rms . - Thi s means  that of  the  approx imatel y 
7 , 000 , 000 p i cture e l ements  per ERTS MSS frame , the average p i xel  
is  wi th i n  30m of  i ts geometr i ca l ly  accu rate grou nd pos i t i on , thereby 
produc i ng a one percent  error i n  wel l  defi ned areas o f  1 00km2• 
Severa l  tri a l s on  a g i ven area produced an average of  two-percent 
pl an imetr i c  error . Another one -percent error i s  accoun ted for i n  
photo process i ng a nd the resu l tant l es s  s harp l y  d e fi ned bou ndari es . 
The Iowa Geo l og i ca l  Survey Remote Sens i ng Laboratory reports that 
the bou nda r i e s  over four  fi fths  of the area mapped by both sate l l i te 
and a i rcra ft correspond exact l y  wi th o n l y  m i nor d i sagreements  i n  the 
rema i n i ng one f i fth . Rea sons  for the d i screpenc i es were : 1 )  l ow 
al ti tude a i rcraft mapp i ng was accomp l i s hed w i th i ncomp l ete 
photograph i c  coverage wh i c h  necess i ta ted extrapol a t i on of a i rc raft 
deri ved fl ood boundar i es , and 2 )  i nterpreti ve errors wh i c h  are 
poss i bl e  wi th  i ma gery of  fl a t  l owl ands ( 18 ) . 
Use of ERTS d a ta exc l u s i vel y i n  mapp i ng fl ood wa te rs  i s  repo rted 
a l ong the Mi s s i s s i pp i  Ri ver ( 20 )  and i n  V i rg i n i a  ( 18 ) . 
Du r i ng the s pr i ng of  1 973 , the Mi s s i s s i pp i  R i ver Va l l ey 
exper i enced ser i ou s  f l ood i ng between St . Lou i s  and New Orl eans  ( 20 ) . 
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At St . Lou i s  a cre s t  of 43 . 3  feet was recorded on  Apr i l  28 , exceed i ng 
the prev iou s  record cres t of 42 feet set  i n  1785 . The r i ver  ma i nta i ned 
fl ood s tage at St . Lou i s  for 76 days , reced i ng to t he s t ream channe l , 
on May 24 ( 20 ) . 
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Ant i c i pati ng fl ood i ng i n  Ma rc h , the USGS requested data from 
ERTS-1 over the M i ss i s s i p p i  Ri ver Va l l ey to map i nu nda t i on as qu i ck l y  
a s  pos s i b l e  and w i th a mi n imum of ground observa t i ons . ERTS data , i t  
wa s s urm ised , cou l d  prov i de hyd rol og i s ts wi th a new tec h n i que  to 
supp l ement e s tabl i s hed method s  of fl ood ma pp i ng a nd , for the f i rs t  
time ,  enabl e the acc u ra te mapp i ng o f  l arge fl ooded a reas ( 20 ) . 
For the area u nder  s tudy , the s tandard fal se-co l or compos i te 
14 
from ERTS MSS 4 ,  5 ,  a nd 7 appeared to i nd i cate more extens i ve fl ood i ng 
than was ac tua l l y  the case , so col or enhancements were p repared . By 
inves t i ga ti ng  a var i ety of  d i fferen t  col or enhanc ements , i t  was 
determi ned that for d i fferenti at i ng area s of  va ryi ng degrees o f  
inunda t ion and wetnes s ,  MSS6 i s  proj ec ted as  red , fi l tered to 
approx imate l y  60 percent , and MSS7 i s  proj ec ted a s  gree n . Th i s  
rend it ion was u sed a s  a bas i c· sou rce of i nforma t i o n  from wh i ch fl ood 
maps were prepa red , s ta nd i ng water s hown as red. and wet or s a tu rated 
floodpl a i ns dep i cted i n  green . USGS Quadrangl e maps  ( 1 : 250 , 000 ) 
were superi mposed wi th 1 : 250 ,000 c o l or rend i t i ons  of MSS6 and MSS7 , 
and the fl ood per i meters were drafted . The su rface  water a rea 
determi ned from the fl ood ima gery was compared w i t h  " normal 11 su rface 
water areas and  the area of fl ood i nu nda t i on was determ i ned , prov i d i ng 
a fast and i nexpens i ve means  of reg iona l l y de l i neati ng the fl ood and 
measuri ng the area l extent of i nunda t i on ( 20 ) . 
I n V i rg i n i a ,  du r i ng October , 1972 , heavy ra i ns l ed to a 50�yea r  
fl ood o n  the Appoma ttox a nd Nattoway R i vers wi th a 20-year fl ood o n  
the James Ri ver . The fl ood i ng was not exces s i ve l y  d amag i ng so n o  
aeri a l  photo graphy was obta i ned . On l y  l imi ted ground tru th  was 
ava i l abl e at a stream g ag i ng s ta t i on i n  Petersburg . Band seven of  
ERTS MSS 70rTITl i magery was en l a rged to 1 : 250 ,000 and the  fl ooded area 
mapped . The resu l tant data was compared wi th USGS bes t e s t i ma tes 
deri ved from s tream· s taQeS and topograph i c  maps . E RTS-1 deri ved 
boundar i es corresponded c l ose ly  to the l imi ted ground bas ed est ima tes 
wh i ch i s  encou rag i ng because  wi thout  ERTS , compr�hens i ve covera ge 
of the fl ood extent  wou l d  not have been ava i l abl e (18 ) . 
I rrigat i on Program Management  
Forecas ts of  ava i l ab l e  water resou rces have s ubsta n t i a l  economi c 
va l ue to i rr i ga t i on farmers who mus t  p l an upcomi ng c rop s eason s . The 
va l ue of good forecasts i nc reases as  fresh water becomes more scarce . 
A remote sens i ng sys tem can as s i s t i n  the opera t i on and ma i ntenance 
of ex i st i ng i rr i g a t i on systems . I t  has been stated that ha l f of the 
i rri gat i on water i s  l os t  between the dam and the c rop  i n  the f i el d ,  
most apparent l y  l os t  through s eepage from cana l s a nd d i tches . Remote 
sens i ng.of water and wet/dry b�u ndar i es wou l d  appear to be an  i dea l 
method of detecti ng and mon i tori ng these l ea ks and/or  break s  by 
uti l i z i ng a c ha nge  i n  wetl a nds  or  vegetat i on cover adj a cent  to the 
waterways a s  a n  i nd i cator ( 1 ) . 
An i nves t i gat i on i nto the remote sens i ng of mo i s tu re s tress  i n  
cotton pl ants ( 1 )  reported that  phys io l ogi ca l  changes i n  the l eaves , · 
apparentl y caus�d by mo i stu re s tress , i nfl uences the refl ect i on of 
so l ar rad i at i on from the crop canopy . A decrease i n  i nfrared 
refl ectance w i th  an i nc rease i n  mo i sture s tres s was recorded . 
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Refl ectance d i fferences between s tres sed and non-stressed p l ant canop i es 
was reported as  l es s  d i scernabl e  i n  the v i s i b l e  wavel engths than i n  the 
i nfrared . 
Werner (2 1 )  conducted a s tudy on i rr i gated and non- i rr i gated gra i n  
sorghum p l ots at  the South  Dakota State U n i vers i ty James Va l l ey Researc h  
and Extens i on Center near Redfi el d ,  Sou th Dakota . The so i l -pl ant  
system v i ewed by the 13  weekly  mi s s i ons in  Werner ' s  resea rch prov ided 
i nforma t i on on  d i fferent soi l mo i sture trea tments . Werner s howed that 
the crop refl ectance was re l ated to the ava i l abl e mo i sture cond i t i ons 
of the so i l p rofi l e .  Of the three refl ected band s , red p rov i d ed the 
bes t  resu l t  for detenni nat ion of  so i l mo i s ture , green gave reasonabl e 
resu l ts , and the near i nfra red prov i ded no hel pfu l i nd i ca tors of  
moi s ture cond i t i ons i n  the  so i l .  Werner reported that wh i l e  i nfrared 
refl ec tance does re l ate overa l l crop v i gor and growth , i t  does not , 
fo r sorghum , appear to rel ate a c hange i n  refl ec tance that can be 
stat i s ti ca l l y  corre l ated to ava i l ab l e so i l  mo i s tu re (2 1 ) .  
Remote sens i ng has a l so been appl i ed to another a s pect of  the 
crop/soi l i nterface that i s  h i gh l y  important i n  i rr i ga ted area s ·, i . e .  
sal i n i ty . I n  s tudyi ng the cotton p l ant (22 ) ,  i t  was found tha t pl ant 
leaves affected by sa l i n i ty exh i b i ted decrea sed refl ectance , es pec i a l l y  
i n  the near i nfrared . Us i ng mu l t i p l e  regress i on ana l ys i s , p l ant 
he i ght , percent ground cover , re l at i ve l eaf  tu rg id i ty ,  so i l  sa l i n i ty , 
and total so i l  mo i sture s tres s  were s i gn i f icantly  corre l a ted wi th the 
dens i ty of b l ac k  and wh i te i nfrared fi l m .  U s i ng col or  i nfrared fi l m ,  
sa l i n i ty affected cotton pl ants appear a s  darker s hades  o f  red or , 
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when seri o u s l y  a ffec ted , very dark . P l ant  he i ght, percen t  ground 
cover , so i l  s a l i n i ty ,  and tota l so i l  mo i s ture s tres s  were fou nd to 
contri bu te s i gn i fi cant ly  to the co l or dens i t i es as mea s u red on a co l or 
den s i tometer . Improved rel a t i on between ground tru th  and col or den s i ty 
was obta i ned u s i ng var i ous  fi l ters du r i ng dens i tometer mea surements to 
mi n imi ze so�l bac kg round effects on refl ectance . A n umber  of fac to rs 
that i nfl u ence  growi ng  p l ants can c hange from year to yea r . The 
s i gn i f i cance of  these c hanges can be mi n im i zed by the use of 
benchmark re ference  s i tes  where sa l i n i ty i s  known as  a bas i s  for 
pred i ct i ng s a l i n i ty i n  other areas du ri ng the same grow i ng  season (22 ) .  
These types of i nformat ion cou l d  be made ava i l ab l e to i rr i g a t i on 
farmers for a source  of  adv i ce on i rr i gat ion  quanti t i es and  t im i ng . 
I t  m ight  a l so be u sed to avo i d  over-�pp l i ca t i on or u nder-app l i ca ti on . 
Low water content res u l ts  i n  p l ant  mo i stu re s tres s  a nd exces s i ve 
water content i s  l o s t  through surface evaporat i on  w i th  co i nc i dental  
depos i t ion of d i s so l ved sa l ts , a cond i t ion  that i f  a l l owed to pers i s t 
wou l d  render a so i l u nf i t for agri cu l tura l u ses  ( 1 ) . 
Water Qua l i ty and Pol l u t i on Detec t i on 
The resu l ts  from a i rborne photo acqu i s i t i on of  water data i s  
dependent upon fi l m/f i l ter comb i nati ons , expos u re accu racy , degree and 
method of fi l m  deve l opment  and proces s i ng , fl i ght  a l t i tude and 
camera su i ta b i l i ty (23 ) .  
Sun l i gh t  reach i ng the wa ter surface i s  e i ther refrac ted or  
refl ected .  I t  i s  genera l l y  des i rabl e to max im i ze the l i ght  penetrat i on 
for water qua l i ty s tud i es (23 ) . The rad i at ion  enter i ng and penetra t i n g  
the su rfa ce pro gres s i ve l y  d im i n i s hes  as  i t  trave l s through  the wa ter . 
At the same t ime , the spectra l compos i t i on i s  se l ec t i ve l y  a l tered 
and these facts  mu s t  be noted when sel ect i ng bands for d ata 
col l ect i on (24 ) .  I n  opt i ca l l y  pu re water , the max i mum a bsorpt i on 
i s  i n  the i nfra red range and the mi n imum i n  the b l ue -v i o l et . I n  
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turb i d  water , e . g .  r i vers , the absorpt i on max imum l i es i n  the 
bl ue-v i o l et range and the m i n i mum sh i fts to ye l l ow-orange (24 ) .  
Lundqu i st ( 23 )  reports the b l ue  range to be most  sens i ti ve for 
detec t i ng part i cu l ate substances  of any concentrat i on and  for record i ng 
change s  i n  concentra t i on a t  l ow l evel s ( l es s  than 20ppm ) . Green , 
reports Lu ndqu i st ,  s hows rea sonabl e sens i ti v i ty to concentra t i ons  
be l ow lOOppm a nd concl udes  that  s i mu l taneous  u se  of both i s  best  ( 23) . 
Stud i es (6 , 25 , 26 , 27 , 28 , 29 , 30 ) report appl i cat i on of  remote 
sens i ng techn i ques  to the mon i tori ng of su spended so l i d s , a l gae , and 
feed l ot pol l ut i o n . 
U s i n g  col or a nd col or  i nfrared fi l m  wi th a No . 1 2  Wra tten fi l ter , 
aeri a l photographs  were taken of a sewage treatment p l ant  effl u ent 
fo l l owi ng d i scharge i nto a r i ver {25 ) .  P l umes ·recorded on the i ma gery 
are reported to be caused by so l i d s  i n  the water . Laboratory ana l yses 
wi th a s pectrophotometer i nd i c ated that correl ati on i s  pos s i bl e  between 
refl ect i ve i nten s i ty and so l i d s  concentration . S imi l ar rel at i on s h i p s 
were reported by Kl ooster (26 ) w ith the add i t i ona l pro posa l that 
opti cal  den s i ty be correl ated wi th turb i d i ty rather than d i rect l y w i th 
su spended so l i d s . Then , turb i d i ty can be corre l ated wi th  the tota l 
suspended so l i d s , i f  the cons t i tuent parts of  the effl u ent and fl ow 
vol ume rema i n  rel at i ve l y  cons i s tent . 
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Use  of  secc h i -d i sc a nd proper sel ec t i on of  wave l e ngth  i s  reported 
( 25 ,  26 ) to be he l pfu l  i n  reduc i ng pos s i b l e  mi s l ead i ng i n forma t i on from 
bottom refl ectance . The secc h i -d i sc i s  a c i rcu l ar  d i sc ,  20 cent imeters 
in d i ameter , d i v i ded i nto quarters wh i ch a re a l ternate l y b l ack and wh i te .  
The d i sc i s  l owered i nto a body of water u nt i l the d i sc i s  no l onger 
vi s i b l e  and the depth of t he d i sc (meters ) i s  recorded . The d i sc i s  
then ra i sed u nt i l the d i sc reappears and the dep th i s  a ga i n  recorded . 
The secch i -d i sc depth i s  the average of the two record ed d epths , i n  
meters . Kl oos ter ( 26 )  s ta tes that  one percent  of retu rn energy comes 
from be l ow the secch i -d i sc depth i n  a g i ven body of  wa ter . He 
reconmend s that areas where the secch i -d i sc touches  bottom be 
el imi nated from ana l yses . Scherz ( 25 )  s tates that one mu s t  ensu re 
tha t the depth to the bottom i s  at  l east  one , or better , two t imes 
the secch i -d i sc depth , to be free of bottom effects . _ I f  the  depth  
to the bot tom i s  l es s  than the secch i -d i sc depth , he recommends u s i ng 
on ly the red l ayer o f  co l or i nfra red fi l m  for ana l yse s . 
I n  h i s research , Kl oos ter ( 26 )  concl uded that turb i d i ty canno t  
be un i versa l l y corre l a ted t o  suspended sol i ds ; but  u s i ng va l ues  from 
a standard i zed turb i d i meter and correspond i ng va l ues  from the sol i ds ­
anal yses of  many samp l e s i tes , turbi d i ty can be correl a ted wi th  
refl ectance over a l ong  per i od of  t ime . For  po i nt sources w i th  
i ntermi ttent  fl ow ,  e . g .  a s i l t l aden stream fl owi ng i nto a l a ke after 
a ra i n , a correl a t i on can be made between turb i d i ty and so l i d s on a 
day t.o day ba s i s .  Over a l ong  t ime per. i od _w i th no stream_ _f l ow ,  suspended 
sol id s wi l l be of  sma l l er d i ameter and the corre l a t i on between 
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tu rb i d i ty and sol i d s  wou l d  have to be based on  settl i ng rates . 
Corre l at i on between turb i d i ty and refl ec tance appeared to be cons i stent 
fo r a part i cu l ar wa ste regard l es s  of  t ime . 
U s e  of ERTS i magery i n  mon i tori ng s u s pended so l i ds i n  two Kansas 
reservoi rs has  been accomp l i shed (27 ) .  I n  s tudy i ng  the two 
reservo i rs ,  Perry a nd Tu ttl e Cree k , cons iderab l e tona l var i at i ons  
appeared wi th i n  the ERTS i ma ges . Data was extrac ted by l evel s l i c i ng 
and the l evel s d i sp l ayed on a col or tel ev i s i on mon i to r .  The var i ou s  
co l ors were trans ferred to outl i ne maps o n  wh i c h  t h e  g round  truth 
sampl e s i tes were p l otted , see Fi gure 3 .  
The mapped gray l evel s are numbered from darke s t  to l i gh test  
wi th the  i nverse secch i -d i sc depth and s uspended so l i ds l i s ted 
a l ongs i de .  The same i n formation , but for a l l fou r MSS bands of  
the second pas s  over Tuttl e Creek , i s  represented gra p h i ca l l y  i n  
Fi gu re 4 and i nd i cates good corre l a t i on between s u spended sol i d s  
and secch i -d i sc depth w i th gray l evel s .  These data are representat i ve 
of other pas ses . The same proces s  was u sed wi th the Perry reservo i r  
and the res u l ts were s im i l ar .  
Fi gure 5 conta i ns graph i ca l  representa ti on  of the gray l evel s 
versus  s u spended sol i d s for u seab l e  MSS 5 i mag es of  Tuttl e Cree k 
and Perry reservo i rs . Band fi ve cons i stentl y gave the best corre l ation 
wi th su spended sol i d s  and secch i -d i sc depths . As can  be seen , t he 
dynam ic  range , as  expressed by the number of gray l eve l s se l ected 
tends to decrease wi th t ime , i . e .  succes s i ve passes  o f  ERTS . Two 
factors appear respons i b l e .  The average suspended sol i d s  l oad decreased 
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4 5 mf. 
· Fi gure 3 .  ERTS- 1  MSS5 , pa s s  two , g ray l evel map and turb i d i ty meas u rements 
for Tu ttl e Cree k reservoi r ( 27 ) .  
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Fi gure 5 .  ERTS-1  MSSS gray l evel versus suspended sol i ds concentrati on 
for ( a ) Tuttl e Creek and ( b ) Perry Reservo i rs ( 28 ) . 
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wi th succes s i ve pa s se s  a s  d i d  the s u n  ang l e ,  ma k i ng eva l uat i on of 
the sun ' s  ang l e d i ffi cu l t u nt i l comparabl e  sun ang l es  are repeated 
i n  the spr i ng , hopefu l l y  wh i l e  tu rb id i ty rema i n s rel a t i vel y 
consta nt ( 27 ) . 
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Use of remote sens i ng to detec t a l ga l growth , a po s s i b l e  i nd i cator  
of eu troph i ca t i on , u s i ng i nfrared and nea r i n frared ima gery has  been 
reported ( 28 ,  29 ) .  Bres sette ( 28 }  reported two types  of  refl ec ted 
rad i a ti on as reveal ed i n  dens i tometer profi l es .  An average , u n i form 
refl ec ted rad i at i on was bes t detected through  a No . 58 g reen fi l ter ; 
and a " l oc a l i zed " refl ected rad i a t i on , from phytop l an kton b l ooms , 
was bes t detected u s i ng a 898 near i nfrared fi l ter . Stud i es i n  
Cal i forn i a  ( 29 }  i nd i cate that extreme l y  tu rb i d  wa ter c reates a 
s i tuati on where refl ected i n frared energy i s  a bso rbed by the  h i gh 
number of i norga n i c  parti c l es , res tri ct i n g  a l gae detec t i on . Further 
stud i es revea l ed a d i rect rel at i on between the green to red dens i ­
tometer rat i o  and a l gae concentra t ions . 
A s tudy by the Remote Sens i ng I nst i tute a t  South Da kota State 
Un i vers i ty ( 6 )  concl uded that  remote s ens i ng tec hn i ques  can  be u s ed 
to l ocate potent i a l feedl ot pol l u t i on sources a nd to mon i tor  the 
movement of po l l u t i on i nto water s uppl i es . I nterpreta t i on of  
photograph i c  and  therma l i nfrared imagery i l l u s trated u sefu l ne s s  
i n de l i nea ti ng po tent i a l  sou rces o f  pol l u t i o n  a nd supported the 
conc l u s i ons that  remo te sens i ng tec h n i ques  cou l d  be succe s s fu l ly 
appl i ed to a n  ope ra ti ona l program of  l ocat i ng a nd mon i tor i ng  feed l ot 
Pol l uti on .  Stat i s t i ca l  compa r i son of fi l m  dens i ty and pol l u tant  
I 
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concentrat i ons  resu l ted i n  s i g n i f i cant correl at ion  coeff i c i ents 
for temperatu re , s u s pended sol ids , and turb i d i ty of the r i ver 
i nto wh i c h  the pol l u tants were be i ng re l eased . Bl a c k  and wh i te 
fi l m  wi th a green fi l ter showed the bes t  res u l ts ( 6 ) . 
Other s tud i es ( 30 )  report the detecti on of  pos s i bl e  po l l u ti on 
sources by de l i neat i ng d ra i nage patterns be l ow the feed l ot and 
l oo k i ng for d i vers i ons  or  i nterceptors wh i c h  mi ght  rechannel feedl ot  
runoff out of the  drai nage pattern and i nto a l agoon or other 
treatment/storage area . A system of i nterceptor d ra i ns wi th gravel  
fi l trat i on is  a popu l ar i nterceptor method and can  be l oca ted by 
observ i ng d i fferences  i n  soi l mo i sture and p l ant growth . 
Snowcover Del i neat i on 
Use of Skyl ab  remote sens i ng data for mapp i ng s nowcover has been 
eva l uated at  va ri ou s mounta i n  l oca t ions  in the wes tern U . S .  ( 3 1 , 3 2 ) .  
I n  mounta i n  snowpacks , there e xi sts a rel at i ons h i p between 
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extent of snowcover d ur i ng the  mel t season and  accumu l ated runoff . 
These snow cover depl et i on re l at i onsh i ps are u sefu l  for determi n i ng 
the approx imate t i mi ng and magn i tude of sea sona l s nowme l t pea ks .  
Accord i ng to Ba rnes  ( 3 1 ) ,  there are two conven i ent ways to expres s 
area l snow extent i n  mounta i n  dra i nage areas : s nowl i ne e l evat ion  and 
percent of bas i n  u nder snow cover . Because Skyl a b  pas ses d i d  not 
al l ow for coverage of the ent i re bas i n , areal  snow extent was measured 
i n  terms of snowl i ne e l evat i on . The snow edge was mapped and overl a i d  
onto a n  e l evati on contour map and the mean snow l eve l  e l eva t i ons  were 
determi ned . Overa l l  snow extent was best mapped i n  the v i s i b l e  bands , 
wi th co l or be i ng the best because  of the contrasts  i n  co l or a s  we l l  as  
refl ectance . Stereo , it  was found , a i ds  in  d i s ti ngu i sh i ng between 
c l oud s and s now . Compari son wi th ERTS imagery l ed to the conc l u s ion 
that  more deta i l  cou l d  be mapped from Skyl ab  data bu t that  a more 
read i l y proces sed b l ac k and wh i te data produ ct wi th res o l u t i on l i ke 
ERTS mi ght be s uffi c i ent for mos t  opera ti ona l snow map p i ng ( 3 1 ) .  
I n  another s tudy , Barnes ( 32 )  eva l uated ERTS imagery i n  mapp i ng 
snow i nformat i on and found that the extent of mounta i n  s nowpac ks 
can be mapped from ERTS i n  more deta i l  than i s  dep i c ted i n  aeri a l  
survey snow charts . Barnes a l so compared ERTS wi th h i gh  a l t i tude 
a i rcra ft photography and fou nd that wh i l e  sma l l deta i l s  i n  the snow 
l i ne that c annot  be detected i n  ERTS imagery can be mapped from 
a i rcraft data , bou ndar ies of area s of s i gn i fi cant snow cover can be 
mapped a s  accurate l y  from ERTS as from a i rcraft photography ( 32 ) . 
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I I I REMOTE SENS I NG I N  THE JAMES R IVER BAS I N  
The J ames Ri ver , l ocated i n  eastern South Dakota and fl owi ng 
from north to south , was se l ected as the prima ry l ocat i on for remote 
sens i ng eval uat i on s i tes . F i gure 6 shows the l ocat i on o f  the James 
Ri ver wi th i n  the s ta te . The reader  i s  remi nded that i t  i s  the 
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i ntent of th i s  report to eva l uate and i l l us trate the tec h n i ques  wh i ch 
are avai l ab l e ,  opera t iona l ,  and can be impl emented at  l i tt l e 
i nvestment on the part of the water resources manager/ p l anner . I t  
shou l d  be made c l ea r  that wi th the excepti on o f  prepa r i ng the 
l i terature rev i ew for th i s  report , the au thor had no p rev i ou s  or  
formal tra i n i ng in  remote sens i ng .  As s i stance in  pho to i nterpreta ti on 
and vari ou s  tec hn i ca l  a s s i s tance was prov i ded by the Remote Sens i ng 
Ins ti tute , Sou th Da kota State Un i vers i ty .  
To eva l uate remote sens i ng a s  a n  i nput to water resources 
management , a va i l ab l e sou rces of imagery were rev i ewed and a s eri es 
of test , or  eva l uat i on s i tes  wi th i n  the bas i n  were s e l ected . Spec i fi c  
tes� s i tes were se l ected , based o n  the s ubj ect  under s tudy and . data 
ava i l ab i l i ty ,  to i nves t i gate remote sens i ng i n  the fol l owi ng a reas : 
l and u se for water resources management , dra i nage netwo r k  del i neat i on , 
snowcover mapp i ng , fl ood i nu ndat i on del i neat i on , and s tream b l oc kage 
surveys .  Cos t  effect i ve ana l yses were conducted on remote sens i ng 
data for these fi ve top i ca l  area s . Test  s i tes a re s hown on the 
over l ay of F i g u re 7 ,  wh i ch i s  a reduct ion of the ori g i na l  1 : 1 , 000 , 000 
mos� i c of the bas i n  prepared from ERTS MSS7 imagery col l ec ted on 
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March 20-22 , 1 97 3 . ERTS imagery ass i s ts i n  del i neati ng  bas i n  
boundari es i n  tha t i t  a l l ows the i nterpreter to obta i n  a synopt i c  
v i ew o f  the enti re bas i n  and to observe the actual  dra i nage featu res 
as they re l ate to one another . The bas i n  boundary was i nterpreted 
wi th the a i d  of USGS Quadrangl e maps  of the area and const i tu tes an 
area of approx i mate l y  1 3 , 200 square mi l es . 
Remote sens i ng data used i n  th i s  s tudy con s i s ted  o f  h i s tor ica l  
imagery obta i ned through the  Remote Sens i ng I n st i tute , Sou th Dakota 
State Un i vers i ty .  Cooperat i ng agenc i es prov i d i ng requ i s i te data 
confi rmi ng and ass i s t i ng i n  the i n terpretat i on of the var i ous  data 
sou rces i nc l uded : Sou th Dakota Department of Natu ra l Resources , 
Oahe Conservancy Subd i stri ct , U . S .  Geol og i ca l  Survey , and the Nati onal  
Ocea n i c  and  Atmospheri c Admi n i strat ion . When necessary , fi l m  
pr i nti ng and process i ng was accomp l i shed by the qua l i ty control 
l aboratory at the Remote Sens i ng I ns ti tute . 
Land Use  for Water Resources Ma nagement 
I n  s e l ect i ng the s i te to i l l u strate the capab i l i t i es of remote 
sens i ng to mon i tor l and use , i t  was des i red to max im i ze the number 
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of appl i cab l e water resources  re l ated l and use  c l a s s i f i ca t i ons whi l e  
ma i nta i n i ng a good s e l ect i on of data sources . The s i te c hosen , S i te 1 ,  
i s  seen i n  F i gu re 8 .  The s i te conta i ns areas of s�rface water , 
wetl ands , cu l t i vated l ands , gras s l ands , and mun i c i pa l i t i es , and i s  
covered wi th a i rc raft imagery as wel l  as ERTS MSS da ta . 
Anderson ( 33 )  reports d i st i nc t  l evel s of l and u se mapp i ng 
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Fi gu re 8 .  Locat i on of S i te 1 ,  l and use  for water 
resources management . 
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ava i l ab l e from the var i ou s  remote sens i n g  data sources  a nd s tates that 
a Level I · l a nd use i nventory i s  wi th i n  the capabi l i t i es of ERTS 
sate l l i te data . Level I l and u s e  mapp i n g  i s  d i v i ded i nto n i ne 
c l a s s i fi cat i ons ( 33 ) : urban , a gr i cu l tural , range l and , fores t  l a nd , 
water , nonfores ted wetl and , barren l and , tundra , and perma nent snow 
and i cefi e l d s . The hyd ro l og i c importance of  the d i s t i nct i on between 
cu l t i vated a nd gra s s l ands was d i scu s sed i n  the . preced i ng l i terature 
rev i ew .  The ab i l i ty to map a n  enti re ri ver bas i n  wi th res pec t to 
these two l and u se c l ass i fi cat i o ns i n  add i ti on to · those areas of  
wet l ands and s u rface water wou l d prov i de add i ti ona l data for 
effect i ve management of  the ent i re bas i n .  
Ima gery uti l i zed for the l and use  s tudy i s  l i s ted i n  Tab l e 1 .  
Tab l e 1 . I ma gery I nterpreted for S i te 1 La nd Use Study 
Data Format Date Recorded Scal e I nterpreted 
NASA RB-57 co l or pri nt Nov . 5 '  1 970  1 : 60 , 000 
NASA RB-57 co l or trans parency · Nov . 5 '  1 970  1 : 60 , 000 
ERTS MSS7 B&W pri nt  Mar .  20 , 1 973  1 : 1 25 , 000 
ERTS MSS co l or compos i te pr i nt Sep . 10 , 1 97 2 1 : 250 , 000 
ERTS MSS col or compos i te pr i nt · May 3 1 , 1 97 3  1 : 125 , 000 
NASA RB-57 i s  a h i gh a l t i tude reconna i ss ance-type a i rcraft genera l l y 
l i mi ted to col l ecti ng  data for NASA-fund ed proj ects . Th i s  was the 
onl y h i s tori c a l  a i rcraft imagery of  the J ames Ri ver area wh i ch wa s 
appl i cab l e and does  not neces sar i l y  represent opt imum l and u s e  data 
content . ERTS MSS7 i s  reported i n  the l i teratu re to be an optimum 
band for de l i neat i ng s urface water fea tu res . As su rfa ce wa ter i s  one 
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of the Level I c l a s s i fi cat ions , an  eva l uat i on of  th i s  band was deemed 
appropri a te . ERTS MSS mu l t i -band co l or compos i tes a re p repared by 
as s i gn i ng spec i fi c  col ors to each of the sel ected band s  and  combi n i ng . 
the images i nto one fal se-col or compos i te .  September 1 0  and May 3 1  
co l or compos i te pr i nts were u ti l i zed to determi ne wha t  e ffect the 
t ime of  year has on ERTS MSS s i gnatures . These dates  were sel ected 
based on the author ' s  knowl edge of crop character i st i cs . for the area . 
That  i s , May i s  genera l l y  a per iod of  v i gorous growth  a nd September 
i s  genera l l y  a more s u bdued growth peri od . I t  shou l d be recogn i zed 
tha t  growth character i s t i c s  such a s  these change w i th geog raph i ca l  
l ocati on and for tha t  reason , sel ect i on o f  opt imum d a ta c o l l ecti on 
dates s hou l d be eva l uated for the part i cu l a r  s tudy area . The ERTS 
pr i nts were a l l prepared from ava i l ab l e transparenc i es of a sca l e of 
1 : 1 , 000 , 000 . The a i rcraft imagery was col l ected two to three years 
pr i or to the other data and th i s  mus t  be remembered as conc l u s i ons 
are drawn . 
V i s u a l  i nterpretat i on was the primary method of d a ta extract i on . 
Al l pri nts  were s tu d i ed under d i rec t  i nspect i on w i th  a p l a s t i c  overl ay 
on wh i ch to draw the i nterpreted l and use  c l a s s i fi ca t i ons . Use  of a 
l i ght tab l e wi th  a p l a st i c  sheet overl ayi ng the tra n s pa rency a l l owed 
for d i rec t  i nterp reta t i on . The p l a sti c overl ays obta i ned from d i rect 
trac i ng of  the var iou s  data sources were pl aced i n  a p hoto p roj ect i on 
. 
tabl e wh i ch a l l owed for e i ther enl argement or reduct ion of both  
transparenc i es and pri nts . The  data  products were thereby s tandard i zed 
I I 
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to a s ca l e  of 1 : 250 , 000 . Percentag�s of the var ious  l a nd u s e  categori es 
were ca l cu l a ted u s i ng data obta i ned from p l an imeteri ng eac h  of the 
standard i zed d rawi ngs . 
I n i t i a l  i nterp retat i on was conducted on the a i rc raft pr i nt , see 
Fi gu re 9 a nd Tab l e 2 · .  Range l and ( grass l and ) was eas i l y  traced a l ong 
the ri ver a s  dra i nage anomal i es appeared to prevent or at l ea s t  i nh i b i t  
the cu l ti vat i on of nea rby l and . Detect i on of grass l ands  adjo i n i ng these 
areas was made eas i er as  col or and - contra s t  patterns as wel l a s  
phys i ograph i c  features  cont i nued i n  the same manner a s  was fou nd a l ong 
the watercou rse . As  the d i s tance from the "permanent 11 gra s sed areas 
i nc reased , the a b i l i ty to d i st i nqu i sh between c u l t i va ted a g r i c u l tura l 
l and and non -cu l t i vated grass l and became i ncreas i ng d i ff i cu l t .  Northwest 
of Huron , an area of  a pparent i ntermi ttent pond i ng h i ndered the 
d i st i ncti on of t hese two types of l and u se . I nterpreta t i on o f  the 
a i rcraft tra nsparency , F i gure 1 0 , reveal ed tha t add i t i ona l  deta i l was 
ava i l ab l e , a s  compa red to the pri n t ,  and the a bi l i ty to d i s ti nqu i sh 
range l a nd was enhanced somewhat .  The i ncrease of two perc entage poi nts 
i "n the range l and a rea , see Tab·l e 2 , i n  go i ng from pri nt  to transparency 
refl ects the added deta i l . The November co l or a i rcraft ima gery refl ected 
earl y  wi n ter g round cond i t i ons i n  that i t  l ac ked co l or a nd tona l 
contrasts . The d i s t i nc t i on between gra s s l and and cu l t i vated l and was , 
for that  rea son , d i ff i cu l t .  To re i terate , the November d a ta was the 
on l y  h i s tor i c  RB-57 i nformation ava i l abl e and was co l l ected for a 
purpose  other than that of l and u se mapp i ng .  Subsequent  u ses of  
such  h i s tor i c  da ta i s  pos s i bl e  and  i s  es senti a l l y  cost  free . 
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Tabl e 2 .  Land Use Cl as s i fi cat i on Percentages 
C l ass i fi cati on Percentages 
Data Fonnat Water Wetl and Rangel and Muni c .. 
NASA RB-57 col or pri nt 2 . 3  0 . 8  20 . 3  2 . 6  
NASA RB-57 col or transparency 2 . 5  0 . 6  22 . 8  2 . 4  
ERTS MSS7 B&W pri nt 3 . 6  1 . 2  13 . 0  0 . 5  
ERTS co l or compos i te ( Sept . )  2 . 5  0 . 0  31 . 9  1 . 0  
ERTS col or compos i te {May ) 2 . 0  1 . 0 36 . 0  2 . 0  
Aqri c .  
74 . 9  
7 1 . 7 
81 . 7  
63 . 7  
59 . 0  
w °' 
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F igure 1 0 . NASA RB- 57 co l or transparency i n terpreted for l and 
u s e . I nterpretat ion scal e 1 : 60 , 000 . Date  of co l l ec t i on :  
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I nterpreta t i on of  ERTS MSS7 revea l ed the ease  w i th  wh i c h  water 
and wetl and a reas  can be detected and mapped u s i ng th i s  data , s ee 
Fi gure 1 1 .  Ana l ys i s  of  prec i p i tation  records ( 34 )  i nd i ca ted a ra i nfal l 
of  between one - ha l f i nc h  and one i nch  occurred i n  the Huron a rea 
intned i ate l y  pr i or to the date the imagery was col l ected . I t  was fel t 
that a recent ra i nfa l l wou l d  a s s i s t  i n  detect i ng areas of s urface 
water and wet l ands and for th i s  reason the March imagery wa s i nc l uded 
for study . I nterpreta t i on of the ERTS data was conducted on the 
bas i s  of c l a ss i fyi ng what was on the imagery , e . g .  a l l su rface water 
appear i ng on the imagery was c l assed as  surface water , even though the 
same area mi ght  be dry l and i n  another week .  Ana l ys i s  of s ubsequent 
MSS7 imagery woul d as s i s t i n  veri fyi ng whether the areas were 
permanent surface waters , wet l ands , or  areas temporari l y  f i l l ed du ri ng 
peri ods  of prec i p i tat i on . Other l and use  c l as s i f i ca t i ons  were 
di ffi c u l t to detect . I t  i s  fel t that the comb i na t i on that the 
imagery was obta i ned i n  Marc h , a peri od when ground c ontra s ts are 
mi n i ma l , a nd that the  i mage was b l ac k  and wh i te contr i bu ted to these 
i nterpreta t i on characteri st i cs . 
Ai rcraft i magery was used as a data base for the E RTS imagery . 
An actua l  ground s i te s urvey wou l d  have been more appropr i ate bu t 
phys i ca l and fi nanc i a l res tra i nts prec l uded col l ect i on of actua l 
ground truth data . W i th the ava i l ab l e base data , i t  was determi ned 
that in September gra s s l ands  refl ect a ye l l ow-orange co l or on ERTS MSS 
col or compos i tes . I nterpretat i on of the September 1 : 250 , 000 pr i nt i s  
I 
I 
I 1 , 1 I 
I ,  
I 
I I 1 
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Fi gure 1 1 . ERTS MSS7 i nterpreted for 1 and u se . I nterpreted sea 1 e 
1 : 1 25 , 000 . Date of co l l ecti on : March 20 , 1 973 . 
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shown i n  Fi g u re 1 2 . An enl argement to 1 : 125 ,000 was prepared from 
the May 1 97 3  co l or compos i te and i nterpreted , F i gure 13 . Note the 
absence of  wet l and a reas and the general l ack  of deta i l a l ong the 
agri c u l tu ra l / rangel and boundary of  Fi gure 12 as compa red to the 
i nterpretat i on of  the May data represented i n  F i gu re 1 3 . Both  
sca l e of  i nterpretat i o n  and t ime of data co l l ect i on  wou l d a ppear · 
to be i nfl u enc i ng i nterpretat i on resu l ts . 
The May pr i nt , w i th a Level I l and u s e  map overl ay i s  shown 
i n  F i gu re 14 but at a reduced sca l e  to fac i l i tate i nc l u s i on i n  th i s  
report . Note the col or patterns u s ed i n  denot i ng l and u s e  patterns . 
Th i s  i mage i nd i cated gra s s l ands refl ect i ng a p i nk co l or . The 
September change to yel l ow wou l d a ppear to co i nc i de wi th the d ryi ng 
of these  a reas a s  fa l l approaches . In  areas where tona l  compa ri sons 
do not revea l l and u s e , phys i ca l  s i gnatures , i . e .  areas appear i ng 
40 
to have been man i pu l a ted by mac h i nery ,  were of  val ue i n  c l a s s i fi ca t i on .  
Wh i l e  the  a i rcra ft transparency conta i ned the bes t reso l u t i on ,  
the ease of  i nterpreta t i on and degree of accuracy appears to be a 
func t i on of the t i me of year the i magery was col l ected , w i th  November 
not be i ng a pr i mary t i me of year . The resu l t  cou l d  be that the 
percentages , l i s ted i n  Tabl e  2 ,  for crop l and and rangel a nd as 
detenni ned from t�e a i rcraft data are not a s  accura te as those  
detenni ned from the  ERTS data . Add i t iona l l y , the three years separat ing 
the i magery m i g h t  tend to fu rther negate the effect i ve ground tru th 
va l ue conta i ned i n  and i nterpreted from the a i rcraft i magery . 
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Fi gu re 1 2 .  ERTS MSS co l or compos i te i nterpreted for l and use . 
I nterpreted sca l e 1 : 250 ,000 . Date of  co l l ecti on : 
September 10 , 1 97 2 .  
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Fi gure 1 3 . ERTS MSS col or compos i te i nterpreted for l and use . 
I nterpretati on sca l e 1 : 125 , 000 . Date of co l l ect i on : 
May 3 1 , 1 973  
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F i gure 14 � ERTS MSS4 , 5 ,  7 co l or compos i te o f  
S i te 1 w i th i nterpreted Leve l I l a nd 
use overl ay . 
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As the col l ect i on of exper imenta l Skyl a b  data i s  l i mi ted , h i s tor i c a l  
ima gery i s  n o t  exten s i ve .  Because  o f  i ts exper imenta l nature , Skyl a b  
does no t prov i de opera t i ona l , repeti ti ve coverage  over t h e  U . S . ; s o  
acceptabl e Skyl a b  d a ta wa s not ava i l abl e for a l and u s e  s tudy wi th i n  
the James R i ver  Ba s i n .  I n  wor k i ng wi th b l ac k  and wh i te Skyl a b  imagery 
for dra i nage  network  ana l ys i s , i t  appeared that deta i l was of a 
resol u t i on qua l i ty between that of a i rcraft i magery and ERTS d a ta . 
I t  i s  expected that  wi th proper t i mi ng and data source s , the ab i l i ty 
to map l and u se  patterns wou l d  fa l l  between the two . 
For pu rposes of  prepar i ng a Level  I l and u se map of the J ames 
Ri ver Bas i n , ERTS MSS standard fa l se-co l or compos i tes , a p roduc t of 
the EROS Data Center at S i ou x  Fa l l s , South Da kota , en l a rged to 
1 : 250 , 000 or greater , and  manu a l ly  i nterpreted wi th  s pot g round truth , 
appears to be a n  opt imum data sou rce for an operat iona l  program . 
Di rect u se of trans parenc i es a l l ows for e xtracti on of more data than 
can be obta i ned from a pr i nt of  the transparency . However , use of 
transparenc i es wou l d requ i re purchas i ng of add i t iona l i n terpretat i on 
equ i pment ( e . g .  l i gh t  tabl es ) . Use  of pri nts a l l ows the u s er to 
prepare a mo s a i c of  the enti re bas i n  and permi ts actu a l  i nterpretati on  
to be conducted wi th  a m i n i mum i nves tment other than  the  data i tse l f .  
Bl ack and wh i te p r i nts of MSS7 mi ght  be i nterpreted sepa ratel y for 
added cl a r i ty i n  mapp i ng surface waters . Ai rcra ft and Skyl ab i magery 
wou l d probab l y  p rov i de muc h  better deta i l  bu t ava i l ab i l i ty l im i ta t i ons 
o f Skyl ab data a nd the fi nanc i a l  restri c ti ons of emp l oyi ng an a i rcra ft 
45 
to photograph an ent i re r i ver bas i n  essenti a l l y  e l i m i na te them a s  
v i ab l e data sou rces  for preparat ion  o f  l and u s e  map s  for water resources 
management i n  a reas  such  a s  the James Ri ver Ba s i n . 
D i g i t i zat i on i s  a n  a l ternate method of  data ana l ys i s  a nd ha s not 
been eval uated i n  th i s  study .  The proces s  of d i g i ta l ly  mapp i ng l a nd 
use patterns mi ght be benefi c i a l i n  ma i nta i n i ng u p  to date i nformati on 
for l arge areas and the i nc l u s i on of  ERTS data from the onset , as  
opposed to u s e  of  ot her data sources exc l u s i vel y ,  mi ght  be  benefi c i a l 
to the overa l l mapp i ng program . 
Dra i nage Network Del i neat i on 
The d ra i nage network  eva l uation  s i te was to prov ide  a typ i ca l  
sect ion o f  the bas i n  i nc l ud i ng coverage o f  known i ntermi tten t s treams , 
the J ames R i ve r ,  and  surface wa ter .  No s i ng l e  � i te conta i ned data 
from ERTS , a i rc raft , and Skyl ab , so two s i tes were s e l ec ted . S i te 2 
i s  centered near the confl uenc e of Shue Cree k a nd the J ames R i ver , 
near Huron , a nd i s  s hown i n  Fi gure 15 . To eval uate ava i l a b l e Skyl ab 
data ,  S i te 3 ,  nea r  M i tchel l was · sel ec ted , see F i gu re 16 . The data 
sou rces eva 1 u ated a re 1 i s  tP.d in  Tab 1 e 3 . 
I nterp re tat i on  of  data from Si te 2 was i n i t i a ted on ERTS MSS7 
pri nts beg i nn i ng at a s ca l e of 1 : 1 , 000 , 000 and conti nu i ng w i th 
progres s i ve e n l argements of the same ERTS data . I nterpretat i on o f  
an ERTS co l or compos i te fo l l owed . Dra i na ge i nformat i on wa s next 
extracted from the U SGS Quadrangl e map and , fol l ow i ng  that , the fi na l  
i nterpretat i on  was conducted o n  the a i rcraft i magery .  The-a u thor 
� 
! - N -
� 
S.D. 3 7  
U.S.  14 
r" 
LAKE 
CAVOUR 
H U RO N · 
SCALE ( MI L E S ) :  
- - -
0 
- - � 
4 8 
F i gure 1 5 . Locati on of s i te 2 ,  
drai nage network 
de l i neation . 
SCAL E (M I LE S ) : r-�-- I 
0 
Fi gure 16 . 
8 
Locati on of Si te 3 ,  
dra i nage network 
del i neat i on . 
16 
,_ 
� 0\ 
47 
theori zed that , to m i n im i ze b i ased i nterpretati on , the data sources 
shou l d  be i nterpre ted i n  the expected order of data content , beg i nn i ng 
wi th the data sou rce of l east  deta i l and conti nu i ng to the data source 
of expected greates t  d ra i nage i nfonnation . 
Tab l e · 3 .  I magery I nterpreted for Dra i nage Network S tu dy . 
Data Sou rce  
S i te 2 :  
ERTS MSS7 pri nt 
ERTS MSS7 pri nt  
E�TS MSS7 pri nt  
I S ( ERTS MSS4 , 5 , 7 ) 
USGS Quad rang l e  Map 
NASA RB-57 co l o r  transparency 
Si te 3 :  
USGS Quadrangl e Map 
Skyl a b  B&W pri nt 
Date Recorded 
March 20 , 1 973  
March 20 , 1 973  
March 20 , 1 97 3  
March 20 , 1 973  
1 953 
November 5 ,  1 97 0  
1 955 
September ,  1 97 2  
· sc a l e I n terpreted 
1 : 1 , 000 , 000 
1 : 500 , 000 
1 : 250 , 000 
1 : 500 , 000 
1 : 250 , 000 
1 : 60 ,000 
1 : 250 ,000 
1 : 250 ,000 
Vi s ua l  i nterpreta ti on , s imi l ar to that for l and u se , was the 
pri mary method of data extract ion . The I nternat i ona l Ima g i ng System 
( I 2S )  was u sed on one set of ERTS imagery , enab l i ng i nterpretat i on of 
a standa rd co l or compos i te at a scal e of 1 : 500 , 000 . The 1
2s system 
(Model  6040 PT ) i s  a n  a i d  to the i nterpretat i on and p hotog raph i c  
_ reproduc t i on o f  s i ng l e n i ne - i nch  imagery frames and u p  to four  70mm 
imagery frames . The sys tem costs approx imately $1 2 , 000 and perm i ts 
the operator to a s s i gn b l ue , green , red , or no col or  to the 7 0nm ERTS 
bands and a l ternate the a s s i gned col ors at wi l l  to ach i eve max i mum . 
effect . I n terpretat i on can be conducted on an attached l i ght  tab l e  or 
as projected beh i nd the system . Photographs o f  the des i red co l or 
compos i te can be prepared from the system . 
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Prev i ou s  s tud i es were not made of the area , the i ntent be i ng to 
determi ne how muc h  d ra i nage i nformat ion cou l d  be obta i ned d i rectl y 
from the image ry . P l acement of  a pl ast i c  overl ay on the  transparency 
a l l owed for d i rect i nterpretati on of drai nage network  i n formati on 
u s i ng a l i ght  tabl e .  The p l ast i c _ overl ays were p l aced i n  a photo 
proj ect i on tab l e and s tandard i zed maps were prepared at a sca l e of 
1 : 2 50 ,000 . The s tandard drawi ngs were then enl arged fou r  t imes on  
the  photo proj ect i on tab l e and a mapper used to  measure the l engths 
of the stream netwo rks . To fac i l i tate compar i son of  d ra i nage network 
data as extracted from the var i ous  sources , the d ra i nage dens i ty was 
ca l cu l a ted for each of  the data products , prov i d i ng a measure of  the 
l ength of i nte rpreted streams per un i t  of dra i nage area . The 
fo 1 1  owi ng formu 1 a ,  from Wi s 1 er and Bra ter ( 1 3 - 5 3 )  , was u s ed i n  the 
cal cu l at i ons : 
. _ . Tota l  l ength of s tream network Dra i na ge Dens i ty - Tota l  area of dra i nage area 
Dra i nage  dens i ty prov i des a measure of the effi c i ency of a 
dra i nage system and ass i s ts hydro l ogi s ts i n  stud i es regard i ng the 
system . For examp l e , i f  a bas i n  has a h i gh dra i nage eff i c i ency , i . e .  
h i gh dra i nage dens i ty ,  ru noff concentrates qu i ckl y , fl ood peaks are 
h i gh , and mi n i mum f l ow i s  probab l y  correspond i ng l y  l ow ( 13 - 47 ) · 
. 1 11 . 
I I 
1 11 
I I 
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I n i t i a l  i nterpretat i on was conduc ted u s i ng the near i n frared 
ERTS MSS7 . Th i s  parti c u l ar ba nd wa s se l ected for i nterpreta t i on 
because  of  i ts reported ab i l i ty to detect water and vegeta t i on a reas . 
Us i ng the ' 'norma l ' '  1 : 1 , 000 ,000 ERTS image s ca l e ,  the  d ra i nage network  
was i nterpreted , F i g u re 17 . The on ly  read i l y  d i scern i b l e  s i gnatures 
were the J ames R i ver , L a ke Cavour , and the Huron reservo i r .  The 
l ocation  of  Shue Cree k was i nferred from the darker gray tones pres ent 
on the nega t i ve pr i nt , i nd i ca t i ng areas of  h i gher _ i nfrared refl ec tance , 
i . e .  vegetat i on a l ong the s tream bed . A photogra ph i c  en l argement of 
the same area but at  a sca l e of 1 : 500 , 000 i nd i cated add i ti onal  da ta was 
contai ned on the i ma ge that was not d i s cernabl e at  the sma l l er s ca l e .  
Further enl a rgement to 1 : 250 ,000 revea l ed further data s ti l l , see  
Fi gures 18  and 19 , re s pec t i ve l y .  The  ca l cu l ated dra i nage den s i ty for 
these  ERTS MSS7 i magery a l so refl ect  the add i t ional  data i nterpreted 
from the progres s i ve l y  en l arged photographs . 
Referri ng to Tab l e  4· , one can see tha t as  the same ERTS i mage  was 
enl arged , the d ra i nage dens i ty i ncreased . Accord i ng to the d ra i nage 
dens i ty fi gure s  conta i ned in Tabl e 4,  the i nterpreted en l a rged E RTS 
data i s compara b l e w i th the i nformat ion conta i ned on USGS Quadrang l e 
maps of the area . But ,  i n  compari ng the USGS Quadra ngl e map d ra i nage 
network , F i gure 20 , w i th ERTS MSS7 data , F i gu res 18 and 1 9 , one m i ght  
be i nc l i ned to  th i n k that  much  of the  dra i nage i nforma t i on deri ved from 
the ERTS i ma gery wa s erroneous . Suc h  i s  not a l ways the cas e . I n  an  
area irrmedi ate l y  to the wes t  of S i te 2 ,  ERTS MSS7 p rov i des i nformat i on 
not recorded on the USGS map of the same sca l e , 1 : 250 , 000 . 
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for dra i nage network . S i te 2 .  Date of  
col l ection : March 20 , 1 973 
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for dra i nage network . Si te 2 .  Date of 
co l l ecti on : March  20 , 1 973 . 
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Tabl e 4 .  Drai nage Dens i t i es as Ca l cu l ated from Interpreted Data Sources 
Data Sou rce Sca l e  Interpreted Tota l Stream Length 
(Mi 1 es ) 
Si te 2 :  
ERTS MSS7 pri nt 1 : 1 , 000 ,000 54 . 8  
ERTS MSS7 pri nt 1 : 500 ,000 72 . 6  
ERTS MSS7 pri nt 1 : 250 ,000 94 . 7  
1 2s ( ERTS MSS4 , 5 , 7 )  1 : 500 ,000 90 . 4  
USGS Quadrangl e map 1 : 250 ,000 91 . 2  
NASA RB-57 co l or transparency 1 : 60 , 000 205 . 6  
Si te 3 :  
USGS Quadrangl e map 1 : 250 , 000 276 . 2  
Skyl ab B&W pri nt 1 : 250 ,000 277 . 8  
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Referr i ng to the accompanyi ng overl ay and pr i nt , F i gure 2 1 , i nteres t 
i s  d rawn to the three a reas marked A ,  B ,  and C .  At A ,  on  the ERTS 
i magery , an a rea of approx ima tel y 480 a cres appears as s urfa ce wa ter . 
The same s i te on the USGS overl ay i nd i cates a muc h  sma l l er a rea of 
i ntermi ttent water . Po i nt B on the imagery i nd i cates the l ocat i on of 
two po ss i b l e  d ra i nage ways not recorded on USGS Quadra ng l e maps  . . The 
area s urround i ng po i nt C on the i �agery revea l s  a l arge number of 
apparent ly  wet areas where the Quadrang l e  map i nd i cates tota l l y  dry 
areas . 
A fa l se-co l or compos i te ,  proj ected and i nterpreted at  a sca l e of 
1 : 500 , 000 on r 2 s ,  i s  represented by Fi gure 22 . Referr i ng to Tabl e 4 , 
the dra i nage dens i ty obta i ned from the co l or compos i te i s  greater than 
that obta i ned from b l ack and wh i te ERTS imagery of the same sca l e 
i nd i cat i ng add i t i ona l data mi ght be obta i ned from a col or compos i te .  
F i na l  i nterpreta t i on at th i s  s i te was conducted o n  the a i rcraft 
imagery , see F i gu re 23 . Extens i ve dra i nage  network i nformati on i s  
ava i l abl e from th i s  data source and , as  refl ected i n  the  d ra i nage 
dens i ty va l ue s  i n  Tabl e 4 , i s  of a magn i tude of at  l ea s t  twi ce that of 
the 1 : 250 , 000 USGS Quadrang l e  map .  
To effect i ve l y eva l uate Skyl ab data , S i te 3 was s e l ected , F i gure 16 . 
Imagery was of poor qua l i ty wi th very l i tt l e contras t i n  the bl ack  and 
wh i te i mage . As i nterpretat i on was comp l eted , a s u rp r i z i ng l y  l arge 
amount of  data was extracted . Referri ng to Fi gures  24 and 25 and 
Tabl e 4 ,  the dra i nage network i nterpreted from the Skyl ab  data was 
comparab l e to the USGS data . I t  s hou l d be noted that a th i n  l ayer of 
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Date of col l ecti on : March 20 , 1 973 
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Fi gu re 22 . ERTS MSS4 , 5 ,  7 col or compos i te i nterpreted 
for dra i nage network at 1 : 500 , 000 u s i ng 
I 2S .  S i te 2 .  Date of co l l ect i on : 
March 20 , 1 973 . 
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Fi gure 23 . NASA RB-57 a i rcraft i magery . 1 : 60 ,000 
trans parency i nterpreted for d ra i nage 
network , Si te 2 .  Date o f  Col l ect i o n : 
November 5 ,  1 970 
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F i gure 24 . USGS Quadrangl e map drai nage network at S i te 3 .  Ori g i nal scal e ,  
1 : 250 ,000 . Date of pri nti ng : 1955 . 
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c l ouds appeared to obstruct the enti re Skyl ab  frame . The  northeast 
corner of  the tes t  s i te was heav i ly obscu red . 
6 1  
I n  s ummary , for deta i l ed dra i nage network ana l yses , a i rcraft i magery 
i s  preferred . Lac k  of coverage of the bas i n  on a n  opera t i ona l bas i s  
prec l udes the u s e  of  Skyl ab  data . For purposes of  u pgrad i ng d ra i nage 
network  map s  of  U SGS Quadrang l e  deta i l ,  ERTS MSS7 imagery at  a scal e of 
1 : 2 50 , 000 and obta i ned du ri ng a wet time of year to accentuate dra i nage 
patterns , and i nterpreted wi th p l asti c overl ays , i s  recommended . 
Snowcover Mappi ng 
Becau se of the i nformat i on conta i ned i n  the l i terature rev i ew 
regard i ng deta i l  ava i l ab l e from S kyl ab and a i rcraft data i n  s now mapp i ng , 
and the absence o f  such  data cover i ng the James R i ver  Bas i n , i t  was 
dec i ded to restr i ct th i s  s tudy · to ERTS data . 
E RTS i magery was revi ewed for acceptabl e wi nte r  i magery wh i ch wou l d 
prov i de data for a mosa i c  of  the enti re bas i n  for two per i od s  dur i ng the 
same w i nter , refl ect i ng changes i n  snowcover . F i gure 26 i s  a negati ve 
mosa i c  of the  James R i ver Bas i n  ta ken by ERTS MSSS  on  January 1 ,  2 and 3 ,  
1 974 . Snowcovered areas are depi cted as  b l ack  and , a s  can be seen , the 
enti re bas i n  appears to be covered wi th snow . The mos a i c d i sp l ayed i n  
Fi gure 27 repre sents i magery co l l ected by ERTS MSSS o n  February 24 , 25 , 
and 26 ,  1 97 4  and conta i ns i nformati on on the change i n  s nowcover , wi th 
wh i te areas  be i ng snow free . 
W i th the two mos a i cs prepared , the i mages were overl a i d wi th p l ast i c  
and d i v i ded i nto three categori es : tota l snow cover , part i a l  s nowcover , 
JAMES  
R I VE R 
BAS I N  
F igure 26 . Nega t i ve pri nt  of 
ERTS MSS5 mos a i c 
s howi ng  s nowcover 
on J anuary 1 , 2 ,3 ,  
1 97 4 .  
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• 
and no snowcove r , see the overl ay on F i gure 27 . A p l an imeter was used 
to determi ne the  percentage� l i s ted i n  Tabl e 5 .  
Tab l e  5 . Percentage of Bas i n  Under Three Snowcover Categori es 
Mos a i c  Snow-free· Parti a l  Tota l 
Janu a ry 0 . 0  0 . 0  100 . 0  
Februa ry 42 . 6  37 . 8  19 . 6  
To determi ne wha t the ima ges on the mosa i c  were refl ecti ng , i . e .  
c l oud patterns , o r  snowcover changes res u l ti ng from temperature and 
prec i p i tat i on patterns , c l i ma to l og i ca l  records were obta i ned for 26  
po i nts sel ected to  transect the  bas i n  approx i mate l y  every 50 mi l es from 
ea st to wes t ,  see F i gu re 28 . Temperature and prec i p i ta t i on data was 
col l ected for a l l 26 po i nts and averaged for a va r i e ty o f  date s  i n  . 
January and February ( 35 ,  36 ) .  
The average depth of snowcover for January 1 ,  2 a nd 3 ,  as  
determi ned from c l i mato l og i ca l  data , i s  represented i n  F i gure 29 . The 
data i nd i cate the enti re area · to be covered wi th s now dur i ng the t ime 
the ERTS i magery wa s col l ected .  
Month l y  average max imum tempera tures were ca l cu l ated and an  
64  
i sothermi c map for the  month of  January was prepared a s  F i gure 30 . The 
data refl ec t that  no area wi th i n  the James Ri ver Ba s i n  had an average 
max i mum tempera tu re above 32°F for the ent i re month  of Ja nuary , i nd i c
ati ng 
l i ttl e or no me l t i ng of the ex i s ti ng snow cover dur i ng  the mont
h o f  
January . 
• 
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Fi gure 28 . Locat ion of  c l imatol og t cal record i ng s ta t i ons . 
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Fi gure 29 . January snowcover ,  i n  i nches . 
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Fi gure 30 . Average max imum temperatures for month o f  January ,  i n  
d egrees Fahrenhe i t .  
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Prec i p i ta t i on for the month of February occu rred d u r i ng  two t ime 
per i ods ( 36 ) . The fi rs t seri es of  prec i p i ta t i on wa s scattered over a 
ten day per i od d ur i ng the fi rs t  week and a ha l f i n  the  month . The 
second ser i e s  o f  prec i p i tati on occurred on  February 20  a nd 21 . 
Prec i p i ta t i o n  data for Febru ary 1 - 13  were tabu l ated a nd tota l 
prec i p i ta ti on p l otted i n  F i gu re 3 1 . The data i nd i cate genr;ra l l y  
heav i er prec i p i tat i on i n  the western porti on o f  the  bas i n  a nd a l ong  a 
l i ne from Cod i ngton  County to Aurora County ; the l at ter  s n ow bel t 
co i nc i des w i th the  area of  total s nowcover i n  F i gure 2? . To determ i ne 
what mel ti ng act i ons  cou l d  have occurred duri ng  th i s  same per i od , 
average max i mum tempera tu res were ca l cu l a ted a nd a re pl otted i n  
Fi gure 32 . The data  refl ect s l i ght l y warmer temperatu res i n  the 
southwest  and wes t .  
The second ser i es of prec i p i ta t i on  i s  i nc l uded i n  t he  data for 
February 1 4-26  and i s  mapped i n  F i gure 33 . Noti ce  the h eavy 
prec i p i ta t i on a l ong  the east-central port ion  of  the bas i n  and a l ong a 
d i agonal  northea s t-southwest  l i ne through  the center of  the bas i n , 
aga i n co i nc i d i ng w i th the darker ( s now ) areas depi c ted on  the  mos a i c  i n  
F i gure 27 . Average max i mum temperatures for th i s  same t i me per i od , 
F i gu re 34 , i nd i cated a warmi ng trend had commenced wi th c oo l er 
temperatures rema i n i ng i n  the northern areas . 
As es sent i a l l y  a l l prec i p i tat i on had fa l l en pr i or · to the ERTS 
overfl i g h t  of Febru ary 24 , 25 and 26 , prec i p i tati on  data for these · 
dates need not be  trea ted s eparate l y .  However , i t  was conc l uded that 
the temperatures for these  three days mi ght  be very i nd i c at i ve o f  the 
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Fi gure 3 1 . Tota l p rec i p i tat ion for February 1 - 1 3 , i n  i nches . 
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Fi gure 32 . Avera ge max imum temperatures for Febru a ry 1 - 13 ,  i n  degrees 
Fahrenhe i t .  
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F i gure 33 . To ta l prec i p i ta t ion for February 14-26 , i n  i nches . 
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Fi gure 34 . Average maximum temperatures for Februa ry 14-26 , i n  degrees 
Fahrenhe i t .  
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snow me l t  patterns recorded by the -· Mss a s  it  pa s s ed overhead . As p l otted 
i n  F i gure 35 , the average max i mum temperatures for February 24 , 25 , and 26  
refl ect forty-d egree read i ngs  extend i ng i nto th e sou thern port i on of  the 
bas i n ,  co i nc i d i ng w i th the area s of  snowmel t dep i cted on the mosa i c , and 
a l ong the wes tern edge of the bas i n , a l so  co i nc i d i ng w i th the data 
conta i ned i n  the mosa i c . Coo l er tempera tures rema i ned i n  the northern 
t i p  and i t  i s  t heor i zed that the heav i er prec i p i tat i on tota l s and 
s l i ght l y coo l er temperatu res a l l owed the s nowcover to rema i n  i n  th i s  
and the cen tra l port i ons of the bas i n , as can be seen i n  F i gure 27 . 
No imagery other than E RTS was ava i l abl e for s now cover 
d e l i neat i on but , as  stated i n  the l i teratu re rev i ew , more deta i l ca n 
be obta i ned from both a i rcraft and Skyl ab imagery . · Cons i deri ng 
the area to be covered , these two data sources are of q u es t i onab l e 
val ue i n  an opera t i ona l  program . 
ERTS MSS5 i magery i s  capabl e of detect i ng s now me l t i ng patterns 
wi th i n  the James R i ver Ba s i n .  Use  of t i me l y  ERTS imagery even at a 
sca l e o f  1 : 1 , 000 , 000 , to map snowcover patterns cou l d , i f  u sed i n  
conj unct ion  w i th ground data from sel ected po i n ts , a l l ow bas i n  managers 
to d eterm i ne the approx i mate amount of snowcove r rema i n i ng to be 
mel ted and cou l d  pos s i b l y  as s i s t in the pred i ct i on o f  runoff quant i t i es 
and fl ood cond i t i ons . 
Fl ood I nundat i on Del i nea t i on 
No major  fl ood ima gery was ava i l abl e from w i th i n  the James R i ver 
Bas i n .  For eva l uat i on pu rposes , the data co l l ected d u r i ng the Rap i d  C i ty , 
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Fi gure 35 . Average max i mum temperatures for February 24 , 25 , and 26 , 
i n  degrees  Fa hrenhe it .  
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South Dakota fl ood of  1 972  ( 37 ) and a l ocal i zed fl ood near Ferney , Sou th 
Dakota ( 38 )  were rev i ewed ; F i gure 36 l ocates the two s i tes , numbers four 
and f i ve , respect i ve l y .  
On June 9 ,  1 97 2 , u p  to 14 i nc hes  of  ra i n  fe l l  i n  a s hort t i me period 
on the Rap i d  Creek Watershed , resu l ti ng i n  severe fl ood i ng of Rap i d  Creek . 
On June  1 1 , a Remote Sens i ng I nst i tu te m i s s i on wa s f l own over the 
i nu nda ted area . The d ata so co l l ected was u sed to map the approxi mate 
h i gh water l i ne and the area of heavy damage on the f l ood p l a i n .  The 
mi s s i on was fl own w i th ?Omm col or , col or i nfrared , and therma l i nfrared 
fi l m .  Hi s tori ca l  b l ac k  and wh i te i magery was made ava i l ab l e  by a 
Rap i d  C i ty fi rm .  I n terpretat ion was conducted on a l i gh t  tab l e 
equ i pped for s tereo v i ewi ng . 
For the Rap i d  C i ty fl ood , the col or i nfrared and co l or transpar­
enc i es v i ewed u nder the s tereo equ i pment were cnns i dered equal l y  
va l uab l e ,  compa red w i th b l ac k  and wh i te imagery , for eva l uati ng 
structura l  damage . Co l or and co l or i nfrared transparenc i es were a l so 
very u se fu l  for the i n terpre tat i on o f  fl ood damage from i nd i rect  
i nd i cators . For examp l e ,  where grass  areas were i nundated , the 
re fl ectance character i s t i c s  i n  the near i nfrared range were measu rably 
a l tered . Al so , areas scoured by fl ood waters were more appa rent  on  
co l or than  on  b l ack  and wh i te i magery .  The  b l ac k  and wh i te s tereo 
contact pri nts d i d  have exce l l en t  reso l u tion  and were su i ta b l e  for 
asses s i ng damages to s tructures . 
L i nes representi ng max imum water e l evation and extens i ve damage 
bou ndari es were d rawn on a Rap i d  C i ty map . The h i g h -water l i ne  was 
reported a s  eas i l y  de l i neated on transparenc ies , as  debri s and s ed iment .. 
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F igure 36b . 
Fi gure 36 . Locati ons of ( a ) Si te 4 ,  and ( b )  Si te 5 fl ood i nundation stud i es . 
Shaded area i nd i cates primary fl ood l ocati on . "-...J 
m 
depos i t i on on ve getat ion  was very ev i dent on col or i nfrared fi l m .  The 
l i ne  of exten s i ve damage was drawn wi th adv i ce from c i ty experts . The 
accu racy of the two zones was chec ked by eng i neers reta i ned by the c i ty 
to eva l uate s tructura l  damage to bu i l d i ngs  i n  the  fl ood zone . Severa l · 
mi nor correc t i ons  were made i n  the h i g h -water de l i neat i on bu t no changes 
were made i n  the l ocat i on of the maj or damage zone . 
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On i ts fi rs t  orb i t over eas tern South Dakota on  J u l y  29 , 1 97 2 , ERTS- 1 
recorded the effec t of  a severe l oca l - c l oudbu rs t wh i c h  occurred four  days 
earl i er ( 38 ) . Between s even and e i gh t  i nches o f  ra i n  fel l o ver  a 70  
square mi l e  area and appears to  have taused the fl ood i ng in  the Ferney 
area . F l ooded areas were read i ly d i scern i bl e on  MSS7 negat i ve pri nts 
as  wh i te tones . Imagery of  the fl ooded area i s  s hown i n  F i gu re 37 . To 
determi ne i nu ndated area , the imagery was enl arged to a sca l e o f  
1 : 250 ,000 and p l aced i n  a n  e l ectron i c  p l an imeter . I n  th i s  manner , i t  
wa s e s t i mated tha t 1 5  square mi l es were u nder water fou r  days after the 
s torm .  
Th i s  author obtai ned 1 : 250 , 000 imagery of the fl o od and further 
en l arged i t  on a p hotograph i c  proj ect i on tab l e  to a sca l e o f  1 : 62 , 500 . 
Trac i ng  the f l ood ou t l i ne ,  i t  wa s apparent that there were two gray 
l eve l s w i th i n the f l ooded area . Wh i te areas were i nte rpreted a s  s tand i ng 
water and a l i gh t  gray tone was i n terpreted as  areas probab l y f l ooded 
but i n  the p rocess  of  d ryi ·ng , i . e .  wet so i l . The outl i ned areas were 
p l an imetered manu a l l y .  Su rface water was coveri ng 12 . 6  square mi l es and· 
the wet l and area was cover i ng 3 . 4  square mi l es at  the t ime of  the  
E RTS - 1  overpa s s . 
.. 
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Fi gure 37 . E RTS MSS7 negat i ve pri nt of  Ferney f l ood . 
Date of  col l ect ion : Ju l y 29 , 1 97 2 � 
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Col or compos i te s , prepared i n  the manner descri bed i n  the l i terature 
rev i ew ,  mi ght  a l so  be of va l ue i n  mappi ng the fl ooded a rea  and for the 
presenta t i on of  fl ood i ng i nformati on . 
For fl oods wh i ch requ i re maj or damage su rveys , s uch  a s  occ u rs wi th i n  
a c i ty ,  a i rcraft i ma gery i nc l ud i ng co l or and col or  i nfra red , wi th  s tereo 
overl ap , i s  recomnended . For fl ood i nundat ion mapp i ng of l arge 
agri c u l tural a re a s  where aeri a l  extent  i s  more i mportant , en l arged ERTS 
MSS 7 data i s  con s i dered a pr ime data source . 
Stream Bl ockage  Su rveys 
At a s pec i fi c  po i nt on a s tream , the r i ver s tage can o ften be 
reduced through  i mprovement  of the channel ' s  hydra u l i c  capac i ty .  Suc h 
work mi gh t be centered around the reduct ion of s tream b l oc kages by 
remova l of brus h ,  s nags , and the dred g i ng of bars . . These  method s i mp rove 
the hydrau l i c c haracteri s t i c s  of the channel by dec reas i ng Mann i ng ' s !!_, 
a roughness  coeffi c i ent , and by i ncreas i ng the· hydrau l i c rad i u s , the  
cross  sect i on a l  a rea d i v i ded by the wetted peri meter ( 39-596 ) .  Thes e  k i nds 
of ri ver adj u s tments wou l d  mos t  l i ke l y  resu l t in  an  added fl ow capac i ty ,  
an important cons i dera t ion  i n  l oca l fl ood contro l  and i n  effec t i ve movement 
of  i rri gat ion  retu rn fl ows . To i n i t i a te an hydra u l i c  improvement  program -
of thi s natu re , one  mus t  fi rst  acqu i re data on those areas  requ i ri ng 
attenti on .  
Two tes t  s i te s  were s el ec ted for the eval u a ti on o f  remote s ens i ng 
i n  s tream b l oc kage s u rveys . Referri ng to F i gu re 38 , S i te 6 was se l ected 
becaas e - of the- avaH ab i 1 i ty- o f  -ground s urvey data . - - S i te� i - was- -s e l ectect- - ­
because  of the var i ous  data sources ava i l abl e .  Tabl e 6 l i s t s  the two 
s i tes and a s soc i ated data sources . 
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Fi gure 38 . Locati ons of (a ) Si te 6 and (b ) Si te 7 stream b l oc kage survey 
stud i es . Shaded areas i ndi cate surveyed areas . co 0 
Tab l e 6 . Stream Bl oc kage Data Sources 
Data Source  Sca l e  I nterpreted 
S i te 6 :  
RS I col or  transpa rency 1 : 12 , 000 
Ground Survey -
Si te 7 :  
NASA RB-57 col or transparency 1 : 60 , 000 
RS I co l or transparency 1 :  1 2  , 000 . 
RS I co l or transpa rency 1 : 12 , 000 
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Date of  
Col l ec t i on 
Apri l 1 ,  1 97 0  
Augu s t , 1 97 4  
November 5 ,  1 970 
Apr i 1 23 , 1 970 
Apri l 5· , 1 974  
S i te 6 ,  on the  l ower J ames , i s  on  a sect ion  from the  mouth o f  the 
r i ver north to U . S .  H i ghway 81 bri dge , a d i s tance of approxi ma te l y  twel ve 
stra i ght- l i ne m i l es . The imagery sel ected for i nterpretati on was 70mm 
col or fi l m  wi th 60 percent overl ap for stereo v i ewi ng . I n i t i a l  s ca l e 
was 1 : 1 2 , 000 . A zoom s tereoscope on the l i ght  tabl e a l l owed for 
enl argements up  to 30 t imes the ori g i na l . The Remote Sens i ng I ns t i tute 
co l l ected the data i n  Apri l , 1 970 . An i ndependent party , not connected 
wi th th i s  s tudy , co l l ected ground survey s tream b l oc kage  data for the 
Lower James Conservancy Subd i s tri ct  four years l ater ,  duri ng  Augu s t ,  
1 974 .  S i te 7 ,  north of Huron , was sel ected becaus e  data sources  a l l owed 
for the compari son of l ow and h i gh al ti tude a i rcraft i magery col l ected 
i n  the same year , wi th add i t iona l l ow a l ti tude a i rc raft i magery co l l ected 
fou r  years l ater . 
I nterpretat ion was conducted on  a l i ght tabl e equ i pped for s tereo 
v i ewi ng . A 1 : 3 ,000 map of the ri ver secti on u nder s tudy was � sed for -
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record i ng s tream b l ockage da ta as i nterpreted from the i magery .  For ease 
of  compar i son , the ground su rvey data and the remo te l y  sensed data were 
d i v i ded i nto two broad groups : maj or  and mi nor obs truct i ons . M i no r  
obstructi ons were those  obj ects , primari l y  trees , wh i ch were near the 
water ' s  edge and from the ima gery cou l d  not be determ i ned a s  res tri ct i ng 
fl ow . From the ground  s urvey data fi el d notes , ·m i nor obstru ct i ons . were 
overhangi ng trees and o ther obj ects _ rated as a l ower p r i o r i ty i n  requ i r i ng 
correct i on . Major  obstruct i ons cons i s ted of obj ects d i rec tl y i n  the 
water , impos i ng obvi ous  fl ow res tr i cti ons on the r i ver system . 
Data on s tream b l ockage for S i te 6 i s  recorded i n  Tab l e 7 . The two 
dams and three br idges  l i s ted i n  both s urveys are the s ame . The f i ve 
mi nor bri dge  obstruct i ons were so c l as s i f i ed on the remote sens i ng data 
because i t  was not poss i bl e  to i nterpret cond i t i ons  u nderneath the 
bri dge dec k and make a determi na ti on of the bl ock i ng c ha racter i st i cs of 
Tabl e 7 . Stream B l oc kage Da ta for S i te 6 .  
1 : 1 2 , 000 
Bl ockage Remote Sens i ng ,  1 970 
Maj or Mi nor 
Trees i n  r i ver 144 29 
Overhang i ng trees 24 1 
Dam 2 
Tras h i n  r i ver  2 
Sed iment 1 7  
Other 
Unknown 7 
Bri dge 3 5 
* 
Ground Su rvey , 1 974  
Maj or Mi nor 
342 13 
268 
2 
]-
9 14  
1 6 
3 
. . 
*F i e l d notes  co l l ected for Lower James Conservancy Subd 1 s tr 1 ct , Augu s t , 
1 974 . 
t h e  p i e r s . Th e n umber o f  trees i n  t h e  r i v e r  fo r t h e  g ro u nd s u r v ey 
e x c eed s by mo re t h a n  200 t h e  n umber reco rd ed i n  t h e  remo t e  s e n s i n g 
s u rvey o f  fo u r  ye a r s  e a r l i e r .  Two rea s o n s  a re theor i z ed fo r t h i s  
d i s p a r i ty :  1 )  t h e  a b i l i ty to mo re a c c u rate l y  c o u n t  i n d i v i d u a l  trees 
from a g ro u nd e l e va t i o n , a nd 2 )  an a c t u a l  i nc re a s e  i n  the n umb e r  of 
dead t r e e s  over the fou r yea r p e r i od . 
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F i g u re 39 s h ows h o w  a n  a p p a re n t l y  a b a n d o n e d  d a m  a nd t r e e s  i n  t h e  
wa t e r  a re re c o rd e d  o n  t h e  i ma gery . T ra s h , i . e . , u n l a w fu l d u mp i n g a l o n g  
a n d i n  t h e  r i v e �  i s  q u i te obv i o u s  i n  t h e  i mag e ry a nd c a n  be s e e n  i n  
F i g u re 40 . Th e o c c u rrence o f  t ra s h  a l o n g  th i s  s ec t i o n o f  t h e  r i v e r  h a s  
a p p a re n t l y  i n c r e a s ed b e tween t h e  yea r s  1 97 0  a n d  1 974 . F i g u re 4 1  
i n d i ca tes a n  a rea o f  t h e  J am e s  R i v e r  wh i c h i s  c o n s t r i c te d  by 
s e d i me n t a ti o n . 
Re fe rr i n g to Ta b l e 7 ,  i t  a ppea rs tha t s ed i men ta t i o n wa s a mo re 
s e r i o u s  p ro b l em i n  1 97 0  than i n  1974 . I t  s ho u l d  be n o t e d  t h a t the 1 7  
maj o r  s ed i me n t  o b s t r u c t i o n s  were rec o rd ed from i ma ge ry ta k e n  i n  A p r i l , 
a s  o p p o s ed to Au gu s t  wh e n  t h e  n i ne maj o r  s e d i me n t  d epo s i t s we r e  n o ted 
on the g ro u n d  s u rvey . Du r i ng Au gu s t , s tream f l ow i n  the J am e s  R i v e r  i s  
u s u a l l y  l e s s  t h a n  i n  A p r i l . 
D a t a o n  s t re am b l o c k a ge fo r S i te 7 i s  rec o rded i n  Ta b l e 8 . A l l t h e  
i ma g e ry s o u rc e s c o r re c t l y  i d e n t i fi ed t h e  dam . C omp a r i n g t h e  two s o u rc es 
o f  1 970  d a ta , h i g h a l t i tu d e  ( R B - 5 7 ) i ma g e ry i n te rp r e t a t i o n r e s u l t e d  i n  
fewe r t re e s ,  u n k n own o b s tru c t i o n s , a n d ov e r h a n g i ng tre e s . T h e  s ed i me n t 
i n te rp re ted from t h e  h i g h a l t i t u d e  i ma g e ry a p pea re d to be a l a rg e p a r t i a l l y  
s u bme rg ed t re e  i n  t h e  l ow a l t i tu d e  ( RS I ) i ma ge ry . Th e fewe r n u mb e r  o f  .. 
SCA L E  ( F E E T  } : 
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F igure 39 . B l ack and wh i te en l argement of  col or  i nfrared 
transparency showi ng dam ( a rrow ) a nd bank  trees 
obs truct i ng fl ow of the J ames R i ve r .  Fl i ght  
a l t i tude : 1 2 , 000 feet . 
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Fi gu re 40 . 
SCA L E  (FE ET ) :  
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0 630 
B l ac k  and wh i te enl argement o f  col or  i nfrared 
transparency i nterpreted as  tra s h  (outl i ned i n 
wh i te )  a l ong edge of r i ver . Fl i gh t  a l t i tude : 
12 , 000 feet . 
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SC AL E ( F EET) :  
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0 630 
Fig u re 4 1 . B l ac k a nd wh i te enl argement o f  col or i n frared 
transpa rency s howi nq s ed i me n ta t i on  a l ong the 
J ames Ri ver . Fl i ght  a l t i tude : 1 2 , 000 feet.  
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Tab l e 8 . Stream B l ockage Data for S i te 7 .  
1 : 1 2 , 000 1 : 60 , 000 
Bl ockage 
1 970 RS I 1970 RB-57 
Co l or Col or  
Major Mi nor Major  M i nor  
Dam 1 1 
Trees i n  r i ver 18 7 
Bri dge 3 3 
Unknown 8 5 ·-
Overhang i ng trees 7 2  49  
Sed iment  1 
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1 : 12 , 000 
1974 RS I 
I Co l or 
Maj o r  Mi nor 
1 
57 
1 2 
1 
50 
b l ockages i nterpreted from the h i gh a l t i tude data m i gh t" be the res u l t of  
the  l ack  of  s tereo v i ewi ng i n  th i s  mode , decreased appa rent  reso l ut ion , 
or a comb i nat i on of  the two . Remote sen s i ng data for 1 97 4  i nd i cates  more 
trees i n  the water and rec l a s s i f i cat ion o f  one br i dg e  from mi nor to maj or  
bl ockage . Accumu l a t i ons  around the p i ers appear to  con s tr i ct the  r i ver 
fl ow at the br i dge s i te .  The number of overhang i ng trees has rema i ned 
re l at i vel y con s ta n t  through the four years on th i s  part i cu l a r  sect ion  of 
the r i ver . 
The abi l i ty to detect and i nventory stream b l o c kages appears bes t  
u s i ng l ow a l t i tude a i rcraft imagery wi th the major  d i ff i cu l ty bei ng that 
of  arr i v i ng at  a prec i se account i ng of the numbers of i nd i v i dua l  over ­
hang i ng trees . Accura te d i st i ncti on of these types  o f  t rees mi ght be 
affected by s hadow confi gurat ion s � the re l ati ve d i �tance of the trees 
from one another , as wel l as  data col l ec t i on t imi ng ,  i . e . , .t ime of year . 
Detec t i o n  o f  sed i mentat i on  prob l em a reas , dams , br i dges , a nd obs truc t i ons  
of a s i ze comparabl e to a fu l l y grown tree , i s  read i l y accomp l i s hed 
u s i ng co l o r  transparenc ies v i ewed s tereoscop i ca l l y .  U s e  o f  h i gh 
a l t i tude imagery a l l ows for the detect i on of  mos t  maj or obstruct i ons . 
Cost Effect i venes s 
U ser appl i cat ion of remote sens i�g i s  d ependent ,  i n  part , on the 
cos t of  the co l l ected data . Ai rcraft and ERTS co l l ected d ata i s  
ava i l ab l e to the publ i c , and c�s t  es t imates for the  fi ve top i c s  under 
s tudy were ca l cu l ated . As Skyl ab data i s  not commerc i a l l y  ava i l ab l e on 
an operati ona l bas i s , i t  was not i nc l uded i n  th i s  cos t  rev i ew .  
To conduct  th i s  cost s tudy , some bas i c  a s s umpti ons  were made . For 
the l and u s e , dra i nage network , and snowcover s urveys , the enti re James 
R i ver Bas i n  ( 13 , 200 mi . 2 ) was used as  a cos t  s tudy a rea . For fl ood 
del i nea ti on , a sma l l er area of 880 mi . 2 was theor i zed . Cos t  est i mates 
for 500 m i l es were prepared for a stream bl o c kage s u rvey . 
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Add i ti onal  a s sumpti ons i nc l ude a 40 , 000 ft . a l t i tude and a 10 , 000 ft . 
a l t i tude for the h i gh and l ow a l ti tude a i rcraft , respect i vel y .  Fl i ght 
l i ne s i de overl ap was taken as  30 percent and s te reo overl ap as  60 
percent . Cost est imates for data col l ecti on , l abor , a l i ght  tab l e ,  and 
mosa i c  preparation  were obta i ned from i nforma t i on s u p p l i ed by Remote 
Sens i ng I ns t i tute personne l . Pri nt cost data was obta i ned from the 
September 1 ,  1 974  EROS Da ta Center pri ce l i s t .  I nterpretat i on t imes  
were es ti mated by the author . Another as sumpti on bas i c  to the  ana l ys i s  
i s  that o f  s i ng l e use o f  data . Proper coord i na ti on , t imi ng , and p l ann i ng 
mi gh t  permi t a user to contract for a f l i ght , or p u rc hase  ERTS data and 
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use the acqu i red da ta for more than one parti cu l ar s u rvey .  · For examp l e ,  
l and u se a nd dra i nage i nformati on mi ght be ga thered from the same data 
source . Deta i l ed l and use/dra i nage stud i es mi ght be  i nterfaced wi th 
stream b l ockage s tud i es for a certa i n  area . The overa l l e ffec t  wou l d  be 
one of cos t  reduct i on on a "per appl i cat ion " bas i s . · Th i s  mu l ti p l e  use  
effect was not  eva l uated i n  the cost  ana l ys i s .  
E st imated data acqu i s i t i on costs are s unmari zed i n  Tab l e 9 . 
I nc l uded as  part of the fl i ght cost  i s  the del i very of bas i c  data 
products ( transparenc i es and/or negati ves ) .  For th i s  reason , the cos t 
of transparenc i es was i nc l uded i n  the ERTS est imates . Wh i l e  l ow 
a l t i tude a i rcraft has  a l ower i n i t i a l  cos t , i n  $/ l i ne m i l e ,  than h i gh 
al t i tude a i rcraft , the l ower a l ti tude red uces the camera ' s  fi e l d of 
v i ew ;  so , more fl i ghts are requ i red to prov i de coverage for any g i ven 
area . For an area the s i ze of the James Ri ver Bas i n ,  l ow a l t i tude· 
a i rcra ft coverage appears to be more cos tl y  than coverage prov i ded by 
h i gh al t i tude a i rcraft . I f  one excl udes the cost of  l aunch , the 
ERTS f l i gh t  cos t  i s  l im i ted to the cost of the bas i c  data product , i . e .  
transparenc i es . For thi s  bas i c  data acqu i s i t i on cos t  i nformati on , one 
mi ght conc l ude  that ERTS i s  the l east expens i ve source  by a factor of 
between 500 and 700 , fol l owed by h i gh and l ow a l t i tude a i rcraft , 
res pect i ve l y . As revea l ed i n  the actual appl i ca t i on eva l uat i ons , these 
three d i fferent  data sources record i nformati on i n  varyi n g  degrees . of 
reso l u ti on . Thi s fact , a l ong wi th the cost of the data , s hou l d be 
j ud ged as the data source i s  sel ected . 
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Tabl e 9 .  E s t i mated Data Acqu i s i t i on Cos ts 
Survey Type Al ti tude Fl i gh t  cos t  l i ne-
F l i gh� 
cost  
( 1000 ft ) ( $/ 1  i ne m i . )  m i l es ( $ )  
Land U s e  o r  d ra i nage 
( 1 3 , 200 mi 2 ) 
H i g h  a l t i tude  a i rcraft 40 25  1 500 37 , 500 
Low a l t i tude  a i rcra ft 10 8 6300 50 , 400 
ERTS co l or  compos i te 3 , 147 - - 6 transp . 
@ $ 1 2  
Snow cover 
( 1 3 , 200 m i  2 ) 
Hi gh  a l t i tude  a i rcraft 40 25 1 500 37 , 500 
Low a l t i tude  a i rcraft 10  8 6300 50 , 400 
ERTS MSS5 b l ack  & wh i te 3 , 147 - - 6 trans p . 
@ $3  
Fl ood 
( 880 m i 2 ) 
H i gh a l t i tude  a i rcraft 40 25  100 2 , 5 00 
Low a l t i tude  a i rcraft 10 8 420 3 , 360 
ERTS MSS7 b l a c k  & wh i te 3 , 147 -
- 1 transp .  
@ $3 
Stream b l ockage 
( 500 mi } 
H i gh a l ti tude  a i rcraft 40 25 500- 1 2  , soo � · 
Low a l t i tude  a i rcraft 10 8 500 4 , 000 
E RTS ( not app l i cab l e }  -
- - -
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The cos t  of data acqu i s i t i on does not i nc l ude the p r i ce of data 
extracti on  ( i nterp retati on ) .  Two methods of vi s ua l  i nterp re tati on were 
cons i dered : 1 )  i nterp retat i on of  trans parenci es , and 2 )  i nterpretati on 
of pri nts . The e s t i mated costs of extract i n g  i nforma t i on from these two 
data p roducts i s  conta i ned i n  Tab l e  1 0 . 
I nc l uded i n  ·the est imate of transpare ncy i nterpre tat i on was . the cos t  
o f  a l i ght  tab l e ,  as  i t  was a s sumed that few , i f  any , potenti a l  remote 
sens i ng u sers own one . I nterpretat i on of transparenc i es ta kes more ti me 
for l ow a l t i tude a i rcraft data than for any other source . Two reasons 
are offered for th i s  i ncreased i nterpretat i on ti me : 1 )  p hys i ca l l y , there 
are more i nd i v i du a l  transparenc i es to i nterp ret . and 2 )  genera l l y ,  wi th 
l ower al t i tude comes i ncreased resol uti on and wi th i nc reased reso l ut ion , 
comes more deta i l ed data , requ i ri ng l onger i nterpretati on t i mes .  
I f  an  agency des i res a photograph i c  "map " of the a rea of concern , 
pri nts  wou l d  be des i rab l e .  I n  a l l fi ve s u rvey groups ,  the  cos t  of the 
pri nts thems e l ves exceeds the cos t  of the l ow al t i tude a i rcraft fl i ght 
requ i red to i n i ti al l y  col l ect  the data . For a s imi l ar a rea , h i gh 
al t i tude pri nts are not as  proh i b i t i ve i n  cos t and ERTS  pri nts  a re 
comparat i ve l y  i nexpens i ve .  The cost of i nterpreti ng  pr i nts  s hou l d  
i nc l ude  the e s t i mate o f  phys i ca l l y  produc i ng the base  mosa i c ( s )  wh i ch 
wi l l be i nterpreted . As these  cos ts are added , the s ubtota l e s ti mate 
of u ti l i z i n g  pri nts as a data source i ncreases . Actu a l  i nterpretati on 
of the mosa i c  adds  further i n  the est imates  l i s ted i n  Tab l e  10 . 
Parti cu l arl y . for l ow a l ti tude a i rcraft imagery , the va l ue of  obta i n i ng 
pri nted d ata p roducts  s hou l d  be carefu l l y  eva l uated before s e l ect i ng 
th i s  format as a p r i ma ry data s ou rce . 
Table 1 0 .  Es timated I nterpretati on Costs 
Su rvey Type 
Land u s e  or drai nage 
( 1 3 , 200 m i 2 ) 
H i gh a l ti tude ai rcraft 
Low al ti tude a i rcraft 
ERTS Col or  
Snowcover 
( 1 3 , 200 mi 2 ) 
H i gh a l ti tud e  a i rcraft 
Low al ti tude a i rcraft 
ERTS B&W 
Fl ood 
( 880 mi 2 ) 
Hi gh a l t i tude ai rcraft 
Low al ti tud e  a i rc raft 
ERTS B&W 
Stream b l ockage 
( 500 mi 2 ) 
Hi gh al ti tude a i rcra ft 
Low a l ti tude a i rcraft 
E RTS ( not  appl i ca b l e )  
Li ght  Tab l e  
($ ) 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
Tran sparenc i es 
Inte rp . I n terp . 
t i me cos t 
(days ) ( $ )  
6 0  7 900 
1 20 1 3000 
30 3300 
8 900 
1 5  1 7 00 
4 400 
4 400 
8 900 
2 300 
15 1700 
2 5  2800 
n teroreta t i oh  , 
Su b - Pri nts 
to ta l Pri nts cos t 
( $) ( no . )  ( $ )  
8400 650 4500 
1 3 500 1 1 200 67000 
3800 6 180 
1400 650 4500 
2 2 00 1 1 200 67000 
90 0 5 7 2  
900 40 300 
1400 750 4500 
800 1 12  
-
2200 50 400 
3300 900 5300 
Pri nts  
Mosa i c  Mos a i c  
time cos t  
(d ays ) ( S) 
27 3000 
465 52000 
8 800 
27 3000 
465  52000 
8 800 
2 200 
30 3400 
0 0 
2 200 
40 4000 
I nterp . 
co s t  
( $ )  
7 900 
1 3000 
3300 
900 
1 700 
400 
400 
900 
300 
1 7 00 
2800 
Su b -
Tota l 
( $ ) 
1 5400 . 
1 32000 
4280 
8400 
1 20700 
1 2 7 0  
900 
8800 
3 1 2  
2300 
1 2 100 \0 N 
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Compara t i ve tota l cost  ana lyses  are conta i ned i n  Tab l e 1 1 . Total 
cos t  of transparency , and pri nt , i nterpreted remote sens i ng d a ta a re 
l i s ted . The tota l s i nc l ude da ta acqu i s i t i on and i nterpreta t i o n  cost 
est i mates . To a l l ow for a more d i rec t compari son of the  costs , the 
est imates  were reduced to a cos t  per un i t  (mi 2 or  m i . ) b a s i s .  These 
fi g u res refl ect the  compa ra t i ve cost es t imates of  col l ec t i ng and 
i nte rpret i ng the vari ous sources and types of remo te s e n s i ng d a ta . The 
cos t  of  p r i nts  s u bsta nt i a l l y  i ncreased the cost of  l ow a l t i tud e a i rcraft 
data . For h i gh a l t i tude a i rcraft and ERTS , pr i nted da ta res u l ts  i n  a 
comparat i ve l y  smal l er i ncrease i n  cos ts . I n  fac t , for ERTS f l ood ana l ys es , 
i t  a ppears that  the u s e  o f  pri nts i s  l ess  expens i ve ,  a s  the tra n s parency 
i nterpreta t i o n  i ncl udes  the cos t  of a l i gh t ta bl e .  Bec a u s e  a l i ght  
tab l e  wou l d be purc hased on l y  once , repeated eva l uat i ons  o f  fl ood 
i nu nda ti on  wou l d res u l t i n  l es s  cos tl y  i nterpreta t i on of tra n s parenc i e s .  
Transparency data refl ect l ower costs i n  a maj ori ty of  the c ategori es . 
The fac t  that trans parenc i es genera l l y  conta i n  better reso l u t i on than 
the pr i nts made from them , pl u s  the fact that , if des i red , pr i n ts cou l d 
be produced from transpa renc ies , woul d i nd i cate ser i ou s  cons i d erat i on  
be  g i ven the s el ect i on of  transparenc i es a s  a pr i me data source . For 
parti cu l ar  a reas  o f  concern , or under spec i fi c  requ i rements , a mosa i c ked 
pri n t  record of  a reg i on m i ght be adv i sabl e .  The dec i s i on between 
trans parenc i e s  and pr i nts  wou l d necessari l y  be made on a p roj ect by 
proj ect bas i s . S im i l ar ly , wh i l e  ERTS data i s  overwhe l m i ng l y the l ea st 
expens i ve of the  three eva l u ated , the dec i s ion rega rd i ng the type of 
data co l l ect i on  p l atform to be empl oyed must  be made on an i nd i v i dua l 
bas i s , tak i ng i nto account characteri s ti cs advantages a nd d i sad
vantages . 
.... 
Tabl e 1 1 . Comparat i ve Cos t  E st imates 
Su rvey Type Tra nsparency 
( $/mi 2 ) 
Land U se  o r  d ra i nage 
( 1 3 , 200 mi 2 ) 
H i gh a l t i tude a i rcra ft 3 . 48 
Low a l t i tude a i rcraft 4 . 84 
ERTS co l or compos i te . 29 
Snow cover ._ 
{ 1 3 , 200 mi  2 ) 
H i g h  al t i tude a i rcraft 2 . 95 
Low a l t i tu de a i rcraft 3 . 98 
ERTS MSS5 Bl ac k & Wh i te . 07 
Fl ood 
(880 mi 2 ) 
H i gh al t i tude a i rcraft 3 . 86 
Low a l t i tude  a i rcraft 5 . 41 
ERTS MSS7 B l ac k & Wh i te . 9 1 
Stream b l ockage 
( 500 mi ) { $/mi ) 
H i gh a l t i tude a i rcraft . 29 . 40 
Low a l t i tude a i rcraft 14 . 60 
ERTS ( no t  app l i cabl e )  -
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Pr i n t  
( $/mi 2 ) 
4 . 00 
1 3 . 82 
. 33 
3 . 48 
1 2 . 96 
. 10 
3 . 86 
13 . 82 
. 35 
( $/mi ) 
29 . 60 
32 . 20 
-
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I V  CONCLUS I ONS  
Remote sens i ng is  capabl e of be i ng effec t i ve ly  u ti l i zed a s  a data 
source  i n  a program of  water resources management for the J ames R i ver 
Ba s i n  i n  South Dakota . Wh i l e  i t  wi l l  not rep l ace  other data sources , 
i t  wi l l  comp l ement  them and i ncreas e  the tota l se l ect i on of ava i l abl e 
ba s i n  data , wh i ch i n  turn wou l d  al l ow for a more comp l ete bas i n  
ma nagement prog ram . O f  primary concern i s  the extent o f  data a va i l a bl e 
from ERTS wh i c h  cou l d be u sed advantageous l y .  S i oux  Fa l l s ,  South  Da kota 
i s  the headqua rters of the Department  of I nter i or ' s  Earth Resources 
Ob servat i on Sys tems ( E ROS ) program , wh i ch cata l ogues a nd d i s tri bu tes 
al l ERTS data . At Broo k i ngs , South Da kota , th e Remo te Sens i ng 
I n st i tute prov i des  operat iona l and res earch appl i ca t i ons  of remote 
sens i ng .  The phys i ca l  prox imi ty of these two i ns t i tu t i o n s  prov i des 
wa ter resources managers in  the James Ri ver Ba s i n ,  as  we l l  a s  other 
area bas i n  managers , an unusual  opportun i ty for app l i cat i on of  recent 
remote sens i ng tech nol ogy to the i r  comprehens i ve p l ann i ng and 
management  efforts . 
E RTS i ma gery i s  cons i dered to be of prime va l ue i n  s tu d i e s  
requ i r i ng repeti t i ve coverage of l arge areas . ERTS fa l se-co l or  
compos i tes are  con s i dered to be a prime data sourc e  for Level  I l and 
u se mapp i ng .  I n  add i t i on , s ubsequent updati ng of the map i s  wel l 
wi th i n  the capa b i l i t i es of ERTS . Dra i nage map s  of U SGS Quadra ngl e · 
deta i l  a re , i n  some areas , l es s  accura te than ERTS MSS7 ima gery , a nd 
mi ght  be u pgraded and improved u s i ng th i s  form of i magery .  The synopti c  
sequent i a l coverage provi ded by ERTS sensors makes them u sefu l i n  
mon i tori ng ba � i n  s nowmel t .  I f  fl ood i ng occurs i n  the bas i n , ERTS 
imagery wi l l  perm i t  extens i ve fl ood mapp i ng ,  prov i d i ng a ccura te d a ta 
for del i neat i ng i nu ndated areas . ERTS i s  somewhat  l imi ted i n  the 
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area of resol u t i on and  for that  reason i s  not con s i d ered the  mos t  
effect i ve data source for a very deta i l ed s tudy o f  sma l l er areas wi th i n  
the ba s i n .  For a l l remote sens i ng appl i cati ons rev i ewed i n  th i s 
report , ERTS i magery appears to be the l ea s t  expe ns i ve to the u s e r , 
both i n  i n i t i a l  acqu i s i ti on and i n  i nterpretati on o f  the s e l ected data 
produ ct . 
Ai rcraft i magery i s  of greates t va l ue where the mi s s i on i s  des i gned 
for a s pec i fi c  s i te ,  and for parti cu l ar types of data col l ec t i on . Land 
use ma pp i ng at a l eve l greater than Leve l I ,  s tream b l oc kage s u rveys , 
i ntens i ve d ra i nage network stud i es and mun i c i pa l  fl ood damage i nventor i es  
are bes t  h�nd l ed w i th a n  a i rcraft mi s s i on contracted to  co l l ec t  the 
requ i red da ta accord i ng to parameters es tabl i s hed by the co l l ec ti ng  
and user  a genc i es . For these more deta i l ed remote s en s i ng proj ects , the  
use  of  a i rcra ft data wi l l  resu l t  in  costs  subs tant i a l l y  grea ter than 
those i ncurred throug h  the use  of ERTS data . 
Sky l ab data , because  of i ts experimenta l  nature and  l i mi ted 
ava i l ab i l i ty ,  i s  not cons i dered an  operati onal  remote sens i ng data 
source . An i n i t i a l concl u s i on concern i ng Skyl ab-type data m i ght tend 
to su pport the need for spacecraft sensors wi th reso l u t i on capab i l i ti es 
between  those  of  ERTS- 1  and RB-57 data . However , the mere fac t . that  
Skyl ab  reso l u t i on characteri s ti cs  do fal l between ERTS a nd RB-5 7  m i g h t  
actua l l y  redu ce t h e  appl i cab i l i ty o f  i ts data . Regu l ar co l l ec ti o n  of 
data muc h  more deta i l ed than ERTS and over the vas t  area covered by ERTS 
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m i gh t  produce vol umes of data for wh i ch there i s  no s pec i fi c  need . For 
stud i es requ i ri ng synopti c coverage on the scal e prov i ded by sate l l i tes 
( e . g . ERTS- 1 )  one mi ght  general i ze and say that deta i l o f  the qua l i ty 
found on  Skyl a b  data i s  not necessari l y  requ i red . For certa i n  proj ects , 
i nterpretati on of ERTS data mi ght  resu l t  i n  a des i re for more deta i l ed 
data coveri ng a sma l l er area . I n  these cases , a i rcraft fl i g h ts cou l d be 
contracted . I n  other words , satel l i te sensors a nd as soc i ated ground 
s upport sys tems wou l d  prov i de a -synopt i c  " fi rs t  approxi mati on , "  fast  
tu rnarou nd source of remote sens i ng data of  suffi.c i ent  d eta i l to  compl ete 
many proj ects , conduct  ongoi ng sequenti a l mon i tor i ng  programs , a l l ow 
i n i ti at i on of more deta i l ed s tud i es and prov i de gu i danc e  to subsequent 
program p l a n n i ng efforts . More deta i l ed data col l ec t i o n  wou l d  be 
obta i ned , as  requ i red , from schedu l ed a i rcraft mi s s i on s  over 
pre-des i gnated areas . 
V RECOMMENDAT I ONS 
Bas ed on the conc l us i ons reached from th i s  s tudy , the fo l l ow i ng 
recorrrnenda ti ons are offered : 
1 .  The u s e  of ERTS da ta s hou l d be i n i ti ated i nto an operat i ona l 
bas i n  management program . 
2 .  The use  of a i rcraft remote sens i ng shou l d be cons idered for 
deta i l ed s tud i es of parti cu l ar bas i n  prob l em a reas . 
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3 .  Fu rther i nvest i gati ons  shou l d  be conducted to s tudy the 
rel at i ons h i ps between ERTS-recorded snowmel t patterns and the 
var i ou s  phys i og raph i c  and cl i ma to l og i cal  parameters , i ncorporati ng 
the da ta i nto pos s i bl e  app l i cati ons to the hyd ro l ogy of a r i ver 
bas i n .  
4 .  Further i nvesti gati ons shou l d  be cond uc ted i n  the areas  of 
remo te sens i ng of water qua l i ty and i rr i ga t i on programs to 
eva l uate the operati ona l appl i cabi l i ty of such  data col l ec t i o n  
wi th i n  t h e  James Ri ver Bas i n .  
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